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to the required angle. We then proceeded to prepare j^ 
somewhat elaborate work on leoraetrical Drawing, in whiebS 
ve have the assuvanoc to believe, we were able to extendi 
and simplify the principles of the art ; but when the draw- 
ings were all made, and the book was ready for the press, it 
oecurred to ub that a still more easy system of indnstrial 
drawing, nn're nearly approaching linear perspective in ap- J 
pearance, and equally ]>i'actical with isometrical di'a 
might be invented; and the result has been tiie system of J 
Cabinet Perspective, which is now offered to the public iaw 
the Second, Third, and Fourth Numbers of the " Indnstri, 
Drawing Scries." If we are not greatly mistaken, this 8y»- 1 
tem of Cabinet Perspective, which is so very simple in plan, 
and BO easy of execution as to render its more valuable 
portions capable of being understood and practiced by tlie 
children in our primary schools, will give to the subject of ■ 
industrial dravi'ing, in its application to the representation of A 
solids of every variety of form, a value hitherto unknown. 

While we regard it, however, as better for most industrial 
drawings, especially for school purposes, than Isometrical 
Perspective, yet the latter has some very valuable adapta- 
tions ; and, as it can he easily applied by those who undei^ 
stand Cabinet Perspective, we have given an exposition of ] 
its principles in the Appendix to the present volume. 

A peculiarity in the plan of the system now offered to ihaM 
public consists in placing the drawings which arc to he ini'^ 
itated, or whicli are to servo as models for saggcsting orig'-^ 
inal designs, on paper printed with fine lines one eighth of 
an inch apart, and in furnishing the pupii with similarly 
printed red or pink-lined paper on which to make his draw- 
ings. These lines cross each other at right angles, vertically 
and horizontally. Any draughtsman will see at a glance 
with what facility and accuracy a figure maybe copied from 
the Drawing-Book on paper thns prepared ; how re.adily it^ 
mnv he enlarged to any extent, or diminished, in true pro 
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portioo; SDdhov easy it is, with tlie aid of siicli paper, to de* I 
sign new patterns and modois, and draw thera ia perttot b 
metry in all their parts. Draughtsmen are often oblige* 
rule paper in a similar manner, for their own use, in making 
intricate patterns ; and it is perfectly evident that the vast 
variety of decorative designs which we find among the re- 
mains of Egyptian, Grecian, Roman, Byzantine, and Arabian 
art, was formed upon paper, or papyrus, ruled by pencil in 
this identical manner, although not on the scale which we 
have used. Indeed, these ancient patterns could not pos- 
sibly have been executed with the accuracy which they ex- 
hibit without such aid. They show the accurate direction 
of the diagonal and other oblique lines, which are so easily 
foraied upon such ruling. For all purposes of illustrating 
industrial art, the two kinds of ruled drawing-paper — both 
Cabinet and Isometncal — will be found invaluable. Their 
varied applications will bo seen throngfaout the Industrial J 
Drawing Series. 

In Drawing-Book No. I. we have taken up, in an element* ■! 
ary manner, the subject of Decorative Design — both on aOn 4 
count of its being well adapted to elementary practice mfl 
drawing, and because of its importance in nearly all deparbJ 
ments of industrial art. 

In our drawing-lessons under this head, we have aimed, ' 
in the first place, to furnish a variety of such copies as are 
most suitable for elementary esercises in training the hand 
and the eye, while at the same time they shall be adapted to 
cultivate a correct taste for that which combines harmony of 
design with grace and beauty of form. Hence, instead of 
thinking it desirable that we should originate all of our 
figures for the drawing exercises, we have selected thera, in 
great part, from the best examples of the decorative art of 
all ages, being parts, or wholes, of patterns which have stood 
' the test of time, the only true standard of taste. By tbjfl 
I course we arc not only able to give a very great variety ofl 



excellent patterns for imitation, and for suggestion in e 
Bigning, but we are also enabled to impart to the pupil some 
general knowledge of tbose principles of form and propor- 
tion which govern all true art decoration ; and in tbe intro- 
daotory articles we have given brief sketches of the growth 
and development of these principles in different nations and 
in different periods of civilization. Should the Series be car- 
ried HO far as we now anticipate, wo hope, in higher numbers, 
to greatly enlarge upon tbe designs here given ; to show the 
application of industrial drawing to various specific forms of 
industry; and also to illustrate the Harmonies of Color, as 
applied to decorative art. 

But we would, furthermore, call special attention to the 
new method of representing objects, called Camnet Pee- 
BPKcnvE, as illustrated in Drawing-Books Numbers EL, III., 
and IV., and embracing both plane and curvilinear solids in 
almost every variety of form and position. This kind of per- 
Bpectivo, when carried out by the use of the ruled drawing- 
paper, enables us to construct all kinds ai working drawings 
for artisans — drawings which, instead of giving a geometrical 
representation of but one side of a rectilinear object, present 
in one view three sides, at the same time avoiding the appear- 
ance of distortion, and giving, with perfect accuracy, the same 
as Isomctrical Perspective, the dimensions of the objects rep- 
resented, according to whatever scale the draughtsman may 
adopt. Moreover, the principles of the system are so simple 
that a child can understand them; while any one who can 
draw straight lines by the aid of a ruler, and curved lines 
by the aid of a pair of compasses, can apply them. 

As indicating something of the scope of the system, as ap- 
plied to solids, we have represented, under this bead, within 
the narrow limits which we have assigned to ourselves, such 
objects as cabinet frame-works of various forms; tables ; cu- 
bical, hexagonal, octagonal, and other blocks, either entir| 
iriously cut and divided ; crosses; star figures; ton 



English bond and Fleniisli bond — forma of brwk-laying ; pil- 
lars and tbeir mouldings ; pyramids, obcliaks, etc. ; post and 
board, post and rail, and picket fences ; various foi-raa of tlie 
solid Grecian fret, and oUier ai-eliitectural oraaments; frame- 
work of bridges ; cylinders, solid ov hollow, entire, or various- 
ly cut and divided, and in both horizontal and veilical po- 
eitions ; arches, both pointed and semicircular ; braces and 
brackets, both plain and curvilinear; solid qtiarterfotls and 
trefoils; wheels, in sections, and entire — with crown-wheel, 
ratchet-wheel, chain-pulley wheel, etc. ; windlass ; vertical 
and beveled tuba, both cireular and octagonal ; ground-plans 
and elevations of buildings; tenon and mortise work; scarf- 
jointing of timbers; stairways; platforms; ellipses; rings, etc., 
etc., and all drawn to definite dimensions, while the measure- 
ments are indicated by ihc drawing-paper itself. By this 
system the study of drawing, in its application to the indus- 
trial arts, is rendered one of tha esact sciences, wholly me- 
chanical in execution, and as accurate in its delineations as 
geometry itself. We have hero presented only an elementary 
exposition of the system, designed for school purposes; but 
the system itself is so simple, that, with the helps here given, 
the intelligent teacher and pupil will find little difficulty ii 
carrying out the application of its principles to any estci 
which may be desired. 

For several of the rules and principles of Ornamental Art 
and also for many of the designs in Drawing-Book No. I;3 
we are indebted to the " Grammar of Ornament,^' by Owei j 
Jones. It may, perhaps, be thought that it was not especial- 
ly desirable to preface an EEeraentary Drawing Series with 
a statement of the general principles of Art Decoration, and 
an account of the Leading Schools or Periods of Art, for the 
reason that snch information will seldom be appreciated by 
beginners in drawing. But to teachers at least — and not 
merely teachers of drawing — we may hope that these intro- 
ductory pages will be of some value; and if they shall servft 
I A^ J 
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merely to enlarge the ideas of both teachers and pupils as to 
the magnitude and importance of the subject of art repre- 
sentation, they will thereby have done a good service to the 
cause of education. 

We would take this occasion to impress upon educators, 
and those who have the .management of our Public Schools, 
the extreme desirability that all the school instruction in ele- 
mentary industrial drawing shall be given by the ordinary 
teachers ; and that professional drawing-masters shall be em- 
ployed, if at all, only in the training of the teachers them- 
selves — in a general superintendence of the whole subject of 
art instruction in all the schools of a city, or county, or even 
larger district— or in giving instruction to advanced stu- 
dents in the higher Schools of Design. The teachers in our 
Public Schools are competent to give all the instruction re- 
quired by their classes in industrial drawing ; and care should 
be taken that pupils do not get the idea that they are re^ 
quired to do something which their teachers themselves can 

not do. 

Mabcius Willsos. 

YiNELASD, K. J., Jmnt 5, 1873. 
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PRINCIPLES AND PRACTICE 
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ORNAMENTAL ART. 



INTRODUCTORY. 

Wk desira to offer to the public a few introductory r 
niarlca on Ornamental Art, a subject wiiich we liavo t 
deavored to illuetrate, in a very elementary manner, in the* 
first book of our Industrial Drawing Series. 

Wg are aware that those who have given the subject but 
iittie attention entertain very en-oneoiia ideas of the im- 
portance and value of a knowledge of the princijiles and 
practice of decoration, as applied to the products of human 
industry. A very little reHection, however, must convince 
the most utilitarian, that, in an advanced stage of society, 
decoration enters bo fully into all works of art as to consti- 
tute, in perhaps a niajority of cases, the greater part of 
their market value. We sec the principle illustrated in the 
importance that is attached to surface ornamentation in the 
manufacture of carpets, and oil-cloths, and matting, and 
wall-paper, and curtains; in printed cloths, and other Bi'ti-_ 
oles designed for dross ; in crochet and tapestry work ; i 
the elegant forms required for vases, and all crockery ani 
earthenware ; alike !n the fino sculpture of the most delicf 
ornaments and the chiseling of stone for public and privab^ 
ilwellings; in all mouldings of wood, and iron, and othe] 
ornamental work in architecture; and it is found to ente 
into all plans and patterns of utensils and tools, and into' 
all objects of art which may be deemed capable of improve- 
ment by giving to them increased beauty of form and pro- 
portion. Indeed, all the vast variety of form and color 
which we observe in the works of man, beyond the require- 
ments of the most ban'en utility, is, simply, ornamentation. 
Beginning witii the savage, with whom ornament pitcedofl 
dress, it has been the study of man in all ages not only t<^ 
make art beautiful, but to improve upon natui'e also. " 



oui*i-.k »v» v*w«^ -^v" .V* .-iiiVi.-^xV .r." ^h^u in induM rial art, 
iu.»iko iiv. k.u,*i.vx s^i »^\ ::.oj^5:,sit , .■^:'!a *uwrar.on niav be 

■ t ■- 

. '. , .^x .-^i ; ; .•- v*"*^:*- .«»>,. ivi.v-;ii%vjt- -^it\u i^LUrre ;ihCT prop- 

Li^-w*-.l .3 ax^ ^tv>.viv,^kl\ Jk iUA^s-t'Uciuri::^ ix>unirv, that 
:*.. ..l^..^.i;^-A ^iuA ihi-iv ioiii* Kxr« Jtvsiod a naiional neces- 
sli ^ ; —.1 ii i:> L-v"'- v-'icly ihougbi 5!i:}.x^ria:it that the manufac- 
w,..v. sa, ,-ld *:-.Ui-»;jiii-i ihc law;si of lvau;}\and the princi- 
i A 5 .- .'.(.c-v;^ iu v'iJvr ihji his products may ecEamand a 
i\^.i\ ^jk!,x^iy V*ii thai the arii>ai: als*>^;he mere workman 
1^4 ^.; alia.! pv^Aikcaa soiiit'ihing of the skill which comes 
u.Ui ..tuw^iv-d iii&ic. Moiv ihau thirty Tears asio a British 
Aas^'-iuiiviu K»v ihc -VdvAUvviUfiit of An* iVmposed of the 
cLlvi uwtl'iuiy, ca^i'iuVtaia^ l^ukcrs^^ merohams« anil mannfac- 
I. ;;•..:> oi iLc kiui;%K«iu. !K*ni out the dcvlaration and appeal, 
iVjki. wiiLoui A lav-cmihcUiV lu the arts of dosicn. British 
miu.iik.ruu-vs wuld iu»t tvt3is\ and must event uawv lose, 
iLjIi' au^iciioviiy '\\\ I'ovviiju luavketj^ Bwt the Eciilish gor- 
c ;:. Ui ^IaX I ciu 4 i 1 1 c d ^ fo r y r^ix d tsik f I o the w;^niiug ; and at 
ih(j •^■i\-^\ Eklii\*ui»«u %a' thi» luduMrv of all Xations^held in 
LtLiitjl.'u iit \t>b\^ Kh^Uhd M\\u\ hoi-solf a1mi>st at the Km- 
tuiii \-i xu^i tidi i«t w-b|«i:(--l to evooUeiuv o{ dosiijn in her 
url u»,t,.»iiu*-i«u&— »ad\ \\\0 V\\\\o%\ Sutoi^amoni: the grtat 
iiuii i.-. \'Ak»^ l*i..ii«rt iww *rhi» di^vxerv arvM^Si\l the En- 
•^ll-U j^.'\ ^tiaiiiiui l%» rt ivfiUoihij Ne»»>oof iho \a>l inpori^^uv 
lit ll.j i.i-it^ai •%u»i u»i«ai widely ditruMsl i^n otlr.oAtio:^ for a 
KiriLuiUwiuiiw*; |u".t«|ii0i tttul iho »VN«lt \\:^,< the sjvtwty os:sl>- 
ii.'liiuuhi ofuu EdiU'dlioti'il iVj^AVimeiit of Si-'iei^^v ar..? Ar:, 
iVoin -hicU bv.ltoitU \^i tV»ii;u hi»\o V;;d;ated aV* o>er the 
]u iki-'Ok) Mhd oiWv nohxsxise\eu ten year^ ;£^v\ 
^nv) •UuUiiio \i^ky> iu tr;Ak(uiv4 a.< future leaohei^ 



ORNAUENTAL ART. 

of art, and fifteen tliouaand pupils were receiving an art 
education ; while in the parish and public schools more tban 
fit^y thousand children of the laboring and poorer cliisses 
were receiving more or less instruction in eicmeutavy draw- 
ing. In the higher art schools the pnpils are taught not 
only the practice, but the principles also, of ornamental de- 
sign ; they are shown bow all assemblages of ornamental 
foims are arranged in geometrical proportions: how curves 
moat flow, the one into the other, without break or interrup- 
tion ; and they are taught to analyze and interpret the cliar^ 
acteriatic ideas of various styles and schools of art, such as 
we have given a brief synopsis of under the heading of 
"Ornamental Art among Different Nations, and inDifl'erent 
Periods of Civilization." The wisdom of England's course 
was very apparent at the Paris Exhibition of 1867, when 
it was seen that England had risen, in a period of six- 
teen years, from a position among the lowest, to one fore- 
most among the nations in art manufactures — showing Iho 
effects of the art education which she had so sedulously fos- 
tered. As burailiating as it is to our national pride, truth 
compels us to add, in the Language of another — "The United 
Stales still held her place at the foot of the column." In 
England, in 1870, besides the attention given to drawing in 
the public schools and in evening classes, there were more 
than twenty thousand students in the art schools, and more 
than thirty thousand in the schools of industrial science; 
and it is reported that, in the two following years, the num- , 
bers in both were doubled. ■ 

A notable illustration of the commercial value of tbft ■ 
beautiful in art is afforded in the colossal growth of th»H 
earthenware trade in England, which started into sudden fl 
notoriety when the young sculptor, J'laxman, was empIoyed'H 
to model, from fine specimens of antique sculptni-e, those ^ 
beautiful urns, vases, goblets, and other articles for table 
service and other domestic uses, long known as the Wedge- 
woorfware. The cl.ay pits of Staffordshire were turned into 
gold mines, and made a source of national wealth, when tha ^ 
proprietors employed good nrtists to draw designs and sf J 
lect antique models for their workmen \ and it boa. bpaa^ 
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stated by competent judges that, througli the establishment 
of Art Museums and Schools of Design, and the influences 
exerted thereby, combined with popular instruction in in- 
dustrial drawing, England has added fifty per cent, to the 
value of her manufactured products during the past twenty- 
five years. And, turning to the Continent, we find it is the 
art instruction imparted in the schools and in the manufac- 
tories of France, showing how colors are distributed, bal- 
anced, and harmonized, both in nature and in art, that has 
given to the silk fabrics of Lyons, the Gobelin tapestry, and 
to other national products, their world-wide renown for har- 
mony and beauty. In France, education in science and art 
is now placed by law in the same rank as classical education. 
In our own country public attention is now being turned, 
in a very marked manner, to the subject of art education : 
and in Massachusetts, after the subject had been agitated 
by the leading manufacturers and merchants, laws have 
been passed securing to pupils instruction in elementary 
drawing in every public school in the state; making "in- 
dustrial or mechanical drawing" free to persons over fif- 
teen years of age either in day or evening classes, in cities 
and towns that have a population above ten thousand ; and 
a State Director of Art Education has been appointed to 
supervise the system ; but, generally, throughout our schools, 
what little imperfect instruction in art has been given has 
thus far been confined, mostly, to the mere copying of pic- 
tures — and, where it has gone beyond that, to the education 
of artists rather than of artisans. It is seldom addressed, 
as it should be, to the principles and practice of ornamental 
design ; to the harmonies of color, form, and proportion ; 
and to such representations of objects as are most needed 
by workingmen in the arts. This kind of art knowledge and 
practice would not only be of interest, but of utility to all ; 
and the mechanic who could make the best use of it in his 
line of business would ever have a decided advantage over 
all competitors. An incident bearing upon this point is re- 
lated by the State Director of Art Education for Massa- 
chusetts, to the effect that, " somQ years ago a class of thir- 
teen young men spent all their leisure time in studying 
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drawing, and tliat noTT, at the time of writing, every one of 
tliem liolds some impoi'taut position, either as manufauturer 
or designer." And if we would build up our manufactories 
on a broad scale, so as to hi'ing their products into snccess- 
fill competition with those of England and Franco, we must 
not rely npon a few imported dranghtamen and desLgoere, 
and vaioly hope that uneducated artisans will work out 
foreign patterns with tasto and beauty ; but we naust lay 
the foundations of art superiocity broad and deep in the art 
education of all mechanics, and in the educated tastes of the 
people. Then draughtsmen and designers will spring up 
wherever needed ', and the workmen in our shops and mana- { 
factories, understanding the principles of their several trades 
and professions, will be all the more skilled in the practice 
of them. And what we need ibr this is not merely a few 
Schools of Design, and Art Museums, valuable as these may 
be, but the introduction of the principles of design, and the 
practice of art representation, into the education of the 
people at large. 

But here the practical question is suggested : Jloto shall I 
WG introduce Industrial Draining into our schools, so that 
all our youth may profit by it, when so many other impor- , 
tant studies aixi crowding for admission, and our teachers ' 
have already quite as much as they can attend to? We 
repJy, Alternate it with the -writing - lessons ; and experi- 
ence fully proves that better penmanship will bo attained 
thereby, while the drawing, and the knowledge which it 
introduces, will be a positive gain, without any attendant 
loss. Long ago, said that veteran educator, Horace Mann, 
"I believe a child will learn both to draw and write sooner, 
and with more ease, than ho will loarn writing alone." 

In conelusion, we commend this whole subject of Indus- | 
trial Art Education as worthy the earnest consideration, 
not only of all educators, but also of all mechanics and ar- 
tisans, and of all who appreciate the vast proportions which 
our manufacturing interests are destined to assume in the 
not far distant future. 



GENERAL PRINCIPLES OF ORNAMENTAL ART. 

Theee are two kinds of beauty in Ornamental Art : the 
one is the beauty of design and execution, aiisiog from the 
exhibition of skill on tho part of the designer and artisan ; 
the other is the beauty of chai-acter, which arises from the 
expression of thought or bouI in the object itself. The 
beauty of the former is fully realized only by those who 
are proficients in the art, and ceases to be felt when the art 
has made a farther progrcsa. The beauty of the latter, in- 
asmuch aa it appeals to the sensibilities of all, is universally 
felt, although in a diiferent degree by different individuals, 
and is by far the most lasting ; and the former should ever 
be subordinate to it. The difference between the two kinds 
of beauty is best illustrated in architecture, of which orna- 
ment is the very sonl and spirit. All that utility requires 
in the structure, skill may accomplish by the aid of mere 
rule and compass ; but the ornamentation shows bow far the 
architect was, at the same time, an artist. 

PnoroBiTioif I. — A Cahdinal Pkincifle. 

All decoration e/iovld exkibii a Jitness or propriety of 
ihiTigSfJtist proportions, a7id /larmoiii/ of design. 

All omaraenta should harmonize in expression with tho 
expression designed to be given to the objects to which 
they are aihxed. Thus there are art objects of convenience 
and use, of sublimity, of splendor, of magnificence, of gayety, 
of delicacy, of melancholy, etc. ; and the ornaments affixed 
to each should fully harmonize with its character. Any 
fabric to be ornamented should, in the first place, be suited 
to its proposed uses; and then, in strict keeping with tho 

'i design, must be the decoration which adorns its buv- 
face. HcDCC, to cover an oil-cloth, or a chair cushion, with | 
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rawmgs of cubical blocks eet on edge, as we bcivo seen, i 
an outrage upon the uses to which either is to bo put; and 
alike improper ia it to load a carpet, designed for tbe tread 
of feet, with vases filled with fruits, and to cover it thick 
with garlands of flowers. It is only in the Hchest velvet 
earpets, elastic to the tread, and where the flowers are par- 
tially lost in the profusion of herbage, that ench excessive 
adornment may be deemed not inappi'opriate. As is well 
known, the Greek orders of architecture have manifest dif- 
ferences of character or espression. Thus the heavy Tus- 
can is distinguished by its severity; the manly Doric by its 
eimplioity, purity, and grandeur; tbe Ionic by its grace and 
elegance; the Corinthian by its lightness, delicacy, and 
gayety; and the Composite by its profusion and luxury; 
wbilo the ornaments of the several orders fully harmonize 
with them in expression. Thus every product of art has 
some character of its own, and good taste demands that 
thei-e shall be a correspondence in the decoration given to 
it, A degree of oraamentation that would be becoming in 
one object, would be insipid or mean in another; — as what 
would be in good taste, and beautiful, in the robes of a 
queen, would bo inappropriate in the dress of a plain lady, 
and tawdry in that of a peasant girl. And although wreatha 
of flowers may alike deck the tomb and adorn the festive 
hall, yet the variety and profusion suited to the latter would 
not comport with tbe subdued feeling which is in unison 
with the former; and tlie trae artist will at once discern 
the difference. The vase upon a tomb will not bear the va- 
riety of contour that may be given to a goblet ; nor should 
the latter have the uniformity of moulding characteristic of 
a funeral urn. J 

Pnoposmos IL — Op Axgut-ab and '^''ixdixg Fonits. I 

Angular forms denote harsAness, maiurity, strength, and 

vigor. Winding forms, on. the contrary, are expressioe of 

I infancy, weakness, tenderness, and delicacy, as also of ease, 

I gTaee,beauty,luxiiry,and freedom from force and realraint. 

As in all objects of taste the lightest forms consistenM 
[ with tbe required strength are considered tbe mott V>^-wJai^ 
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ful, SO in all articles in which much strength is required 
angular forms are generally adopted, because they require 
a less amount of material than curvilinear forms. Hence 
angular forms — as of squares, lozenges, etc. — are not only 
best suited to such articles of furniture as chairs, tables, 
desks, stands, etc., but also to oil-cloths, matting, plain car- 
pets, etc., because we associate Avith these latter articles 
much tread of feet and daily use ; and yet it is equally ap- 
parent that these angular forms would not be appropriate 
for carpets of luxurious ease, for flowing robes, curtains, 
etc. In architecture we expect direct and angular lines, 
because they give the impression of stability and strength ; 
and architectural ornaments are beautiful only as they are 
in harmony with the general character of the structure to 
which they are affixed. An angular vase, designed for 
holding flowers, would be exceedingly inappropriate ; while, 
on the contrary, to make the sides of a house, or of a pyra- 
mid, curvilinear, would none the less violate our ideas of 
fitness and propriety. The weeping willow, as it is appro- 
priately named, is adapted to mournful occasions, because 
it bends and droops like one in affliction ; while the sturdy 
oak, on the contrary, of angular outlines, is representative 
of firmness and strength. It may break, but can not bend. 

Proposition III. — Of Firm and Unbroken, and Fine and 

Faint Lines. 

Firm and unhroJcen lines are expressive of strength and 
boldness^ with some degree of harshness. 

Fine and faint lines are indicative of smoothness^ fine- 
ness^ delicacy^ and ease. 

When the forms of objects are used to ornament articles 
of taste or utility, they should be drawn in keeping Avith 
the character of the objects themselves. Thus the visual 
line of a column, or of a pyramid, should be bold and un- 
broken, unless modified by distance of view; while the 
winding outlines of the tendrils of a vine, of a wreath, of a 
festoon, should be exceedingly delicate^ as we say — our very 
language conforming to our ideas of the fitness of things. 
But see Proposition XI. 
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Peoposition IV. — Of Construction and Decoration.,! 
Construction should be deeomted; but decoration, jr/ioufiq 
never be purposely constructed. 

In the weaving of lace, niusliii, and other fabrics of on»a 
color, in a variety of suitable patterns, and in the similarJ 
bi-aiding of mats, baskets, etc., the construction itself is, ap- \ 
propviately, decorated. So may any construction — as a 
building, a robe, nn article of furniturB,etc. — be decorated in 
the making of it ; but to construct or plan a decoration with- 
out regard to the application or use that is to be made of J 
it, and as if it migbt serve a variety of purposes, is a violas 
tion of the principles of true art. It is, therefore, the c 
rect principle, to make the construction itself ornamental, 
rather than to depend upon applied omament. Hence the 
veneering of the fronts of briuk or wooden buildings with 
marble, or articles of wooden furniture with thin layers of 
richer wood, is a sham that gives us a feeling of disappointh 
ment when the cheat is known. So the painting or graiaJ 
ing of wood is far less satisfactory, as a decorative agentu 
than the bringing out and preservation of the natural graio^ 
by a suitable varnish. Artistic arrangements of American^ 
woods properly prepared would furnish a wonderful variety,r 
in pattern and coloring, for decorative purposes, and in far! 
better taste than most of the surface decoration that ii 
posely consti-ucted. 

Every object of art production is supposed to be con-J 
atrocted with some definite aim, and to be designed to subi 
serve some purpose of utility ; or, if it bo merely ornamenh 
al, it is still designed to aid in giving the true and prupcn 
expression to that object to which it is affixed. In eithe^ 
case, the style, character, and expression of the ornameotall 
arc to be considered as the accessories, and to be governed^ 
wholly by the character of tlie object of which they are 
llie appendages. A carpet, a dress, a curtain, or a chair, 
I etc, should be ornamented with ruforence to the circum- 
I stances and occasions of its uses; and, evidently, it must.^ 

vary in decoration according as it may be designed for fl 
I cottage or for a palace. So mere ornaments, as rings,, brsj; 
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lets, brooches, etc., should be adapted to the character, per- 
sonal appearance, and position in society of the wearer; 
for, not all beautiful things are becoming to all places, or 
to all persons. The proprieties of life have a very wide 
range of application. See Proverbs xi., 22. 

Proposition V. — Of General Forms. 

True beauty of form is produced by lines growing out of 
one another in gradual undulations^ a?id supported by one 
another. There are no excresceiices ; and nothing could be 
removed and leave the design equally good or better. 

These principles are best illustrated in the several orders 
of Grecian architecture, from no one of which could any 
portion be taken away without leaving the general form 
defective ; and certainly no part could be enlarged without 
giving to it the appearance of an unseemly excrescence. 

Proposition VI. — Op Geometrical Construction. 

AU surface ornamentation should be based upon a geo- 
metrical construction. 

Whatever the pattern of the ornament, it should be 
such that it can be traced back to a geometrical basis ; and 
no ornament can be properly designed without such aid as a 
groundwork. Especially is this the case in woven fabrics, 
which are necessarily constructed on a geometrical plan. 

As in the infancy of art uniformity of design was most 
valued, as evincing the skill of the artist ; and as what chil- 
dren most admire, and, in their little attempts at art, first 
try to execute, is uniformity and regularity, so elementary 
drawing should begin with those simple geometrical pat- 
terns which are the groundwork of all artistic ornamentation. 

Patterns in which the geometrical arrangement is at 
once apparent, owing to the uniformity or regularity of 
the details, owe the first impression of beauty which they 
give us to their expression of design on the part of the art- 
ist; and the more intricate the pattern, and the greater 
the number of its parts, while it still preserves its uniform- 
ity, the higher, in the estimation of educated taste, is its de- 
gree of beauty ; only the number of parts must not be so 
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gveat as to produce confusion, aud ilius obscure the expres- 
BiOQ of design. Where, however, a confused intricacy of 
detail at first seems to prevail, nothing is more delightful 
than to find order gradually emerging ont of chaos, and a 
consistent plan pervading tlie whole. When there is add- 
ed to a beautiful design intricacy and variety of detail 
amid uniformity, there is only needed elegance and embel- 
lishment in the workmantihip to constitute the highest de- 
gree of oraameuta! art. 

Pkoposition VIL — Op Metuods of Sukface Decoeatiox. ] 
The general forms of the desired ornamentation Iiaving i 
beenfrst drawn on some geometrical basis, consistent with I 
tlie character of the object to be ornamented, these forme 1 
should then be subdivided and ornamented by general lines; ' 
the intermediate spaces may then be filed in; and the sub- 
division may be continued to any extent rehired, and untii ' 
t/ie details can be appreciated only by close inspection. 

This method of designing is adapted no less to the some- 
times elaborate patterns of embroidered robes and tapestry 
work, than to the more obvious geometrical arrangements 
of squares, and parallelograms, and lozenges, and circles, 
that are often seen in oil-cloths and carpeting. The groat 
secret of saceess, even in the most complicated ornamenta- 
tion, is the production of a broad general effect by the rep- 
etition of a few simple elements. " Variety should rather 
be sought in the arrangement of the several portions of a 
design, than in the multiplicity of varied forms." 

In the wall or floor ornamentation of dwellings, an im^ i 
portant principle to be observed is the nso of modest tints 
as a back-ground, against which the furniture can be dis- 
played to advantage, and a due subordination to the nses 
to which the room is to be applied — as, for example, wheth- 
er it is to express the brightness, cheerfulness, and welcome 
of a reception-room, or the tranquillity of studious ease 
which is adapted to the library. If to the walls he given 
high colors, relief and roundness of omamentation, and 
shade and shadow, instead of flat neutral tints of one c 
Iwo colors, the walls ate iheivby apparently thrust foia 
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ward, the room is made to appear smaller than it is, and 
the furniture is dwarfed, and its natural effect destroyed. 
So, large patterns in the carpet of a small room produce a 
like damaging effect upon both room and furniture, and 
destroy that feeling of satisfied repose which is ever at- 
tendant upon true art. Vertical patterns on the walls, 
such as columns, stripes, etc., make the walls appear higher, 
while horizontal lines and patterns lower the ceiling. 

Proposition VIII. — Op Proportion in Ornamentation. 

As in every perfect work of Architecture a true propor- 
tion will he found to reign between all the members which 
compose it^ so throughout the Decorative Arts every assem- 
blage of forms should be arranged on certain definite pro- 
portions / the whole and each particular member should be 
a multiple of some simple unit. 

Thus the height of the Doric column was equal to six 
times the diameter of the lower end of the shaft ; the di- 
ameter of the upper end of the shall was three fourths of 
the diameter of the lower end ; and the architrave, frieze, 
and cornice, and all other parts, had certain definite pro- 
portions. In the other orders the proportions were differ- 
ent ; but in each the several parts were in just proportion 
the one to the other, and to the whole. Nor were these 
proportions arbitrary; for they were such as were best 
adapted to give expression to the character of the order ; 
and in no one of these orders could any important part be 
materially changed in its proportions without doing vio- 
lence to that harmony of design which characterized the 
entire structure. 

In the infancy of Decorative Art the proportions were 
of the most simple kind, in accordance with the natural or- 
der of development. It is the same with the growth of 
art in individuals. Thus as soon as a child can draw a 
square, its first effort is to divide it into four squares, and 
then into a greater number; then to draw and subdivide 
parallelograms ; then out of the squares to form lozenge- 
shaped figures, etc., and so on, as taste and skill are devel- 
oped. As art advances, those proportions will be deemed 
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iho most beautiful which the uneducated eye cIopb i 
readily detect. 

PaoposmoN IX. — Of Habmont ajtb Costrast. 
Where great variety of form ie inirodueed, harmony con- 
sists in the proper balancing and contrast of the straight, 
the inclined, and the curved. 

Whether we confine our attention to stnictuval arrange- 
ment of edifices, or to decoration of euriaces, there can be 

J perfect composition in which any one of the three pri- 
mary forma is wanting. In the Greek temple the straight, 
tbe angnlar or inclined, and tho cnrved, are in most perfect 
relation to one another. In the beat examples of Gothic 
architecture every tendency of lines to ran vertically or 
horizontally is immediately counteracted by the oblique oi- 
the cnrved. Thus the capping of the buttress is exactly 
what is required to counteract the upward tendency of the 
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Straight lines ; so the gable coDtrasts admirably with the 
curved window-head and its perpendicular mnllions. 

In surface decoration any arrangement of forms, as at A, 
consisting only of straight lines, is monotonous, and affords 
but little pleasure. By introducing lines which tend to 
carry the eye toward the angles, as at B, the monotony is 
broken, and the improvement is veiy apparent. Then add 
lines giving a circular tendency, as at C, and the eye reposes 
itself within the outlines of the figure, and the hannony is 
complete. In this case the square is the leading form or 
tonic ; the oblique and curved forms are subordinate. 

An effect similar to A, but an improvement upon it, is 
produced by the lozenge composition, as at D. Add the 
lines as at E, and the tendency to follow the oblique di- 
rection is corrected ; but interpose the circles, as at F, and 
the eye at once feels that repose which is the result of per- 
fect harmony, in the combination. 

It is owing to a neglect of the principle here stated that 
there are so many failures in wall-paper, carpets, oil-cloths, 
and articles of clothing. The lines of wall-paper very gen- 
erally run through the ceiling most disagreeably, because 
the vertical is not corrected by the inclined, nor the in- 
clined by the curved. So of carpets, the lines of which fre- 
quently run in one direction only, carrying the eye right 
through the walls of the apartment. Many of the checks 
and plaids in common nse are objectionable for the same 
reason, although a great relief is sometimes found in their 
coloring. 

Proposition X. — Op Distribution, Radiation, and Con- 
tinuity. 

In surface decoration hy curvilinear forms^ all lines should 
he harmoniously distributed^ and should radiate from a par- 
rent stem ; and all junctions of curved lines with curved^ and 
of curved lines with straight^ should be tangential to one an- 
other. 

This is a law of the vegetable world, as seen in all plants 
that have curvilinear forms; and Oriental practice in orna- 
mental art is in accordance with it. 
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pEOPOsmoN XL — Of Conventional RErKESENTATioNS 
OP Natckal Objects. 

Fhwers^ or other natural objects, should not be used as or- 
naments, but, instead thereof, we should use conventional rep- 
resentations founded upon them, sufficiently suggestive to 
convey tlie intended image to the mind viithoitt destroying 
the unity of the object they are employed to decorate. The 
former is called the naturalistic style of omamentcUion, 
the latter t/ie convbstional style. 

Although this rule has been univereally obeyed in what 
are deemed the classic periods of art, it has been equally 
violated when art has been on the decline. 

A fragile flower, or a delicate vine, carved in wood, stone, 
or iron, shocks oar feeling of consistency — an impropriety 
of which the Egyptians, the Greeks, and the early Romans 
were never guilty. They made conventional representa- 
tions of natural objects, stiiotly adhering to their general 
laws of form ; and hence their ornaments, however conven- 
tionalized (but more especially those of the Egyptians), 
were always tnie to nature, while they never, by a too 
servile imitation of the type, destroyed the consistency of 
the representation. 

When flowers in miniature are carved upon preciona 
stones, or even in iron, the delicacy of the workmanship may 
overcome our sense of the unfitness of things. The flower, 
leaf, vine, and fruit ornaments on vases and frnit-dishca are 
certainly not beautiful except when of diminished eize; 
and even then, if carved, they shoold be executed in slight 
relief, or merely etched in outline. , 

In contradistinction, however, to the nse of color and I 
form as mere accessories in industrial art, when we come to I 
the fine art of painting, and employ it to give a representa- I 
tion of real objects or scenes in nature, or of those which ' 
fancy creates, it is the naturalistic method which should 
prevail; for here the leading idea is a faithful portraiture 
of what is seen or imagined; and all other ideas must bo 
Bubordinatc to it Here conventionality of representation J 
would defeat the very object in view. I 
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OKNAMKN^TAt ART A3rO?T& DIFFERENT :y^ 
TION8, AND rsr DIFPERENT PERIODS OF CIV^ 

rr^rxATiON. 

I. ORNAMENT OP SAVAGE TREBEa. 

Thk (fesire for ornament is tiniversal, and it increases 
with Jill people in the ratio of their progress in civilizatioiu 
JEvery where it owes its origin to man's ambition to create 
— to imitate the works of the Creator. la the tattooing of 
the hnman faee the savage strives to increase the expres- 
sion by which he hopes to strike terror on his enemies or 
rivals, or to ereate what appears to him a new beaatj; 
nntl it is often snrprising how admirably adapted are the 
forms and eol6rs he nses to the purposes he has in view. 
Afiar tattooing nsnally comes the formation of ornament 
by painting or stamping patterns on the skins used for 
elothing, or on woven cloths or braided matting. Then 
follows the carving of ornaments on their utensils or weap- 
trtin of war. When the principal island of the Friendly 
gronp WAS first visited^ one woman was found to be the 
^(*s)gn(>r of all the patterns on cloths, matting, etc., in use 
ffl^r^ ; nuil tor avtstf new one, she received, as a reward, a 
eM'talfi n«m1ier of yards of cloth. 

Wlmi strikes tis cspeolally in most ornamental work of 
^rttrtges, Is the ftdlierenoG to that rule of art which requires 
A skillful brtlftiioing of the masses, whether of form or color, 
rttnl a Jiidioloiis eorroeiton of tho tendency of the eye to 
rnn In any one direetton, by interposing lines that have an 
t»pposllo tendeney» (8ee Pmp. ix.) 

Cnplhln (\M)k, nt^llelng the extent to whioh decoration 
WMS i'MIvIimI by the Islanders of the Paeifio and South Seas, 

«iks of I heir eloths, their bnsket-work, their matting, etc., 
lilhlid "in suoh m t^udless variety of figures that one 
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might BupposG they borrowed their patterna from a mer- J 
cer'e ebop, in which the most elegant productions of Chin& J 
and Europe are collected, beeidea some original pattenia T 
of their own." 

II. EGYPTIAN OBNAMENT. 
Tlie origin of art among the Egyptians is unknown; and 
iu their architecture, the more ancient the monument the 
more nearly perfect is the art. As far back as we can 
trace their ornamentation, a few of the more important 
natural productions of the country formed the basis of the 
immense variety of ornament with which tlic Egyptians J 
decorated their templea, their palaces, dress, utensils, ai-ti- 1 
clca of Inxury, etc. 

All Egyptian art was symbolic. Thus the lotus and 1 
papyrus, growing so luxuriantly on the banks of the NiJ(^ | 
the former symbolizing food for the body, and the latter, ' 
being used for parchment, and thus Bymbolizing food for 
the mind ; certain rare feathers carried before the king, 
and thus symbolizing royalty; the branches of the palm, 
and twisted cord made from its bark, etc. — such natural 
products wore conventionally used in their decoration ; and 
hence they were types of Egyptian civilization. A lotus 
conventionally carved in stone, and forming a graceful ter- 
mination to a column, was a fitting symbolboth of plenty and 
prosperity, and of the power of the king over countries where 
the iotua grew ; and thus the omamont added a poetic idea 
to what wonld otherwise have been but a rude support- 
On this basis of symbolism, Egyptian art was of thi-ee^l 

lat. Comtruetiee. — Thna, an Egyptian column roprcsent- J 
cd an enlarged lotus or papyrus plant, or a bundle of such ] 
plants ; the base representing the root, the shaft the stalk, f 
and the capital the full-blown flower surrounded by a boa- I 
qnet of smaller plants tied together by bands. And t 
the column represented one plant, three, or a greater nan 
bcr, and so of the other parts, the variety of form to which J 
the various combinations gave rise was far beyond what I 
any other style of architecture ever attained to. 



vrj thiitg — 3« » flower, far cxag^Ar- 
a« » fealicf, bet aa za MJkof nprci 
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Ml«n>^ lo iwiriniy tiK p«af Comr, bat MwillnBg tkot 
•bontd give iht ides of osc ; aoA heaet Hmj adbcscd to 
Uw ynai^^a of tbe gnnrtli of plaoti, in ibe radbtioB of 
ksres^sBd sfl Tens «■ (be ksres, in gnwefid odtcs fiou 
tlw nuta fftalk, or tb« m««l (Sec ^op. x.) Tltej- toofc 
tlte geii«nl fotm of tlw totw filKat, and dni^ed H intv 
tbe fbm of tlte bow, tlnft, sod cspiul of a eolnmn, wUte 
ft Mil! retained cnfficient reKmblnKe to tbe lotos ^ant 
tA aboir trlittie« tbe idea origimled. Aod so oo, in all their 
«t representations. (See frop. iL) 

Zi\. Jhcoratiue. — All tbe pstntinga of the Egyptians, pro- 
duced by iew tTpM, are distinguished by gneefbl sym- 
metry and pcrlect distribation of pan& Tbey pwated er- 
erythin;^; but asing color as they did lbnn,eomrm/i(ma%, 
aiid to diAtinguisti one |ran from another, they dealt in flat 
tint* only, uxing neither ahade nor shadow; and they in- 
diScrently colored tbe leaves of ttie lotas green or blue. 

III. ASSYRrAN AXD PEESIAS ORSAltEST. 

The Aiisyrian and Persian ornaments which have been 
dineorerwi iK-cm to lielorg to a period of decline in art, and 
to have been borrowed, far back in tbe obscurity of ages, 
from an original and more nearly perfect style — perhaps 
that from which the Ej^yptian itself was derived. 

Asityrinn ornament is represented in the same way as the 
KfCyptian, altbongh it is not based on the same types ; and 
inilced the natural types are very few. Yet the natural 
laws of radiation from the parent stem, and tangential 
niirvatnre, are obwrveil, altbongh not so strictly as in 
K}fyptian art. In both styles, the carved ornaments, as 
well as those that were pninted, are mostly in the nature 
(if iliaif rams — gcomotrial patterns being closely adhered to. 
Tilt) little Niirfoco luodeliiig that was attempted was mostly 
' gighlrcliif. 
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IV. GREEK OKNAMEKT. 

Gietk art, bori-owed partly from the Egyptian and part- 
ly fi-om the Assyrian, gave to old ideas of orQament a new 
direction. Rising rapidly to a high state of perfection, it 
carried the development of pnre form to a degree of fitness 
and beauty which has never since been reached ; and, from 
the very abundant remains we have, of Greek ornament, 
we are led to believe that the presence of rctined taste 
among the people was almost universal, and that the land 
was overflowing with artists, whose hands and minds were 
80 trained as to enable them to execute with unerring 
truth those beautiful ornaments which to this day are the 
great wonder of art. Greek ornament, never in profusion 
or excess, was always strictly suboi'dinate to the general 
expression of the object to which it was affixed. 

But Greek art was not symliolical like the Egyptian ; it' 
was meaningless, purely decorative — the very embodiment 
of beauty for beauty's sake — and hence wholly reathetic; 
seldom representative; and it can hardly be said to be 
constructive. TJie conventional rendering of natural ob- 
jects was BO far removed fi-om the original types as often 
to make it difficult to recognize any attempt at imitation. 
The ornament was no part of the construction, and was 
thus unlike the Egyptian ; it could be removed, and ths 
strncture remain unchanged. On the Corinthian capital, 
that leading feature of Grecian ornament, the acanthus leal^ 
is applied, not constnicted as a part of the edifice. In the 
Egyptian, the whole capital, conventionally representing 
the full-blown flower of the lotns plant, is the ornament; 
and to remove any part would destroy the whole. 

The three great laws which we find every where in nat- 
ure — radiation fiom the parent stem, proportionate distri- 
bution of the areas, and the tangential curvature of the 
lines — are always obeyed in Greek art, and with so great a 
degree of perfection that the attempt to reproduce Greek 
ornament is rarely done with success. 

There la now little doubt that the white marble teroplea 
of the Greeks were entirely covered with painted ornament^i 
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This certainly was true as to the ornaments of the mouldings 
on architrave, frieze, and cornice ; and doubtless the object 
in these cases was to render the mouldings and carvings 
distinct, and make the pattern visible from a distance. 

V. POMPEIAN ORNA^IENT. 

Pompeii, a town of Italy, fifteen miles south-east from 
Naples, was destroyed by an eruption of Mount Vesuvius 
in the year A.D. 79. It has since been extensively exca- 
vated, disclosing the city walls, streets, temples, theatres, 
the forum, baths, monuments, private dwellings, domestio 
utensils, etc., the whole conveying the impression of the 
actual presence of a Roman town in all the circumstantial 
reality of its existence two thousand yeai-s ago. 

Pompeian ornamentation was of two kinds — partly of 
Grecian and partly of Roman origin — but sufficiently dis- 
tinct from either to require a separate notice in the history 
of ornamental art. That derived from the Greek was com- 
posed of conventional representations of objects in flat 
tints, without shade or attempt at relief; the other, more 
Roman in character, was based mainly upon the acanthus 
scroll, and was interwoven with natural representations of 
leaves, flowers, animals, etc. — the germs of a later Italian 
style of oraamentation. But the Pompeian style was ex- 
ceedingly capricious, beyond the range of true art. The 
Pompeian pavements are the types from which may be 
traced the immense variety of Byzantine, Arabian, and Mo- 
resque mosaics. 

VL ROMAN ORNAMENT. 

The temples of the Romans were overloaded with orna- 
ment; and the general proportions of Roman edifices, and 
the contours of their moulded surfaces, were entirely de- 
stroyed by the elaborate surface modeling carved on them. 
Nor do the Roman ornaments grow naturally from the 
surface like the conventional forms of the Egyptian capi- 
tal : they are merely applied to it. The acanthus leaves, 
which by the Greeks were beautifully conventionalized, 
were used by the Romans with too close an approxima- 



rtion to nature : tliey were also arrauged iuai-tistkally, be- 
iug not even bound together by tbe necking at the top 
the ehaft, but merely resting upon it. In the Egyptian 
capital, on the contrary, the stems of the flowers round the 
bell-shaped capital being continued through the necking, . 
at the same time represent a beauty and express a truth. I 
The inlroduetiou of the Ionic volute — a Grecian feature — ] 

Iiuto the Koiuan Composite order, fails to add a beauty, but I 
rather increases the deformity. The leaf ornamentation of | 
iho Itomans adhered to the principle of one leaf growing ' 
out of another in a coiilinuons line, leaf within leaf, and 
leaf over leaf— a principle very limited in its application ; 
and it was only in the later Byzantine period that this 
Btylo began to be abandoned for the true one of a continu- 
ous stem throwing ofi' omaments on either side. Then . 
pure conventional ornament began to receive a new devcl- J 
Opment. The true prindple became common in the elev- 1 
cntb, twelflb, and thirteenth centuries, and is the fonnda- 1 
lion of the Early English foliage style. I 

While Roman Decorative Art abounds in the most ex- I 
quisite specimens of drawing and modeling, its great de- 1 
feet consists in its fi-eqiicnt want of adaptation to the pur- 1 
poses it was required to fill as an aid to the true expres- ] 
j^^ sion of architectural design. Roman decoration, like the I 
^^L Grecian, was strictly testbetic — based on an almost l-cve^ J 
^H ential regard for the beautiful, for beauty's sake alone. I 

^H VII. BYZANTINE OHNAMENT. I 

^H When in the year A.D. 328 the Emperor Constantino I 
^^1 transfen'ed the scat of the Roman government to Byzan-1 
^H tium (afterward called Conatantinoplf, from its founder), 1 
^^H Roman art was already In a state of decline, or transforma- I 
^H tion, Constantine employed Persian and other Oriental I 
^^K artists, and artists from the provinces, in the decoration of I 
^^B his capital ; and these together soon began to work a I 
^^B change ia tbe traditional Roman style, until at length tbe I 
^^1 motley mass became fused into one systematic whole dnr- I 
^H ing the long and (for art) prosperous reign of the first J iia- | 
^H tinian. (A.D. S27 to 665.) | 
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Byzantine art is characterized by elliptical carved oat- 
lines, acate-pointed and broad-toothed leaves, and thin con- 
tinuous foliage springing from a common stem. In sculp- 
ture the leaves are beveled at the edge, and deeply chan- 
neled throughout, and drilled, at the several springings of 
the teeth, with deep holes. Thin interlaced patterns are 
preferred to geometrical designs; animal or other figures 
are sparingly introduced in sculpture, while in color they 
are principally confined to subjects of a holy character. 
Rome, Syria, Persia, and other countries, all took part as 
formative causes in the Byzantine style of ai*t and its ac- 
companying decoration. The character of the Byzantine 
school is strongly impressed on all the earlier works of 
Central and even Western Europe, which are generally 
termed the Romanesque or Romanized style, which is con- 
sidered a fantastic and debauched style when applied to 
architecture. The geometrical mosaic work of Byzantine 
art belongs particularly to the Romanesque period, espe- 
cially in Italy. This art, which flourished principally in the 
twelfth and thirteenth centuries, consists in the arrange- 
ment of small diamond-shaped pieces of glass into a com- 
plicated series of diagonal lines. Marble mosaic work dif- 
fers from the glass only in the material used. 

The influence of Byzantine art was all powerful in Eu- 
rope from the sixth to the eleventh century, and even later; 
and it has served in a great degree as the basis of all the 
modern schools of decorative art in the East and in East- 
ern Europe. 

VIII. ARABIAN ORNAMENT. 

As every distinct form or mode of civilization has been 
characterized by its own peculiar style of art, so when the 
religion of Mohammed spread with astonishing rapidity 
over the East about the middle of the seventh century, and 
over Spain in the early pait of the eighth, a new style of 
art arose, which gradually encroached, m those regions, upon 
the already waning glories of the Byzantine period. 

Some of the Arabian mosques of Cairo, erected in the 
ninth century, remarkable alike for the grandeur and sim- 
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plicity of tUeir general forma, and the refinement and el- 
egance of their decoration, are among the most beantifiil 
buildings in the world. Their elegance of ornamentation 
was probably derived primarily from the Persians, perhaps 
modified by Byzantine influence. In their leafage orna- 
ments we observe traces of Greek origin, especially in the 
modified form of the neanthuB leaf; but they abandoned 
the principle of leaves growing out one from another, and 
made the scroll contiouous without break, while they re- 
tained that universal piinciple of true art, the radiation of 
lines from a parent Btem, and their tangential caiTature, 
Like the Romans, they covered the floors of their public 
buildings with mosaic patterns arranged on a geometrical 
plan ; but it is surprising that, while the same pattern forma 
of mosaicB exist in Roman, Byzantine, Arabian, and Moor- 
ish art, the genera! style of each difiera widely from all tbe 
others. It is like the same idea expressed in fonr differ- 
ent languages. The twisted cord, tlie interlacing of lines , 
straight or curved, the crossing and interlacing of two ■ 
squares, and the equilateral triangle within a hexagon, are ' 
the starting-points in each. 

What is called Arabesque ornament consists of a fanciful, 
capricious, and ideal mixture of all sorts of figures of men 
and animals, both real and imaginary ; also all sorts of 
pl.-Luts, fruit, and foliage, involved and twisted, and upon 
which the animals and other objects rest. The Arabians 
did not originate this stylo, although it is named from 
them; and in pure Arabesque, figures of animals are ei- . 
eluded, as they were forbidden by the Koran, 

It is strange that while the Arabians have left traces of ] 
fine Saracenic art all thi-ough Northern Africa, and in Spain, \ 
scarcely a vestige of it can now be found in their native 
country, Arabia. i 

IS. TUiaCISlI ORSAMEST. 
Although the Tuj-ks and the Arabians have the same re- ' 
ligion, yet, being of different national origin, their art rep- 
resentations are, as might be expected, somewhat different. 
The a rohi lecture of the Turks, as seen at Constantinople, 
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is mainly based upon the early Byzantine monuments, ex- 
cept their modern edifices, which are designed in the most 
European style. Their system of ornamentation is of a 
mixed character — Arabian and Persian floral ornaments 
being found side by side with debased Roman and Renais- 
sance details. The art instinct of the Turks is quite in- 
ferior to that of the East Indians. The only good exam- 
ples we have of Turkish ornamentation is in Turkey car- 
pets; and these are chiefly executed in Asia Minor, and 
most probably not by Turks. The designs are thoroughly 
Arabian. The Turk is unimaginative. 

X. MORESQUE OR MOORISH ORNAMENT. 

In the ornamental art of the Moors, who established the 
seat of their power in Spain during the eighth century, we 
have another illustration of the results produced by corre- 
sponding influences of religious faith and diversities of na- 
tional character. The main differences between the Ara- 
bian and Moorish edifices consist in this : that the former 
are distinguished most for their grandeur, the latter for 
their refinement and elegance. In ornamentation the Moors 
were unsurpassed; and in it they carried out the princi- 
ples of true art, even beyond the attainments of the Greeks 
themselves. 

Arabian and Moorish art were alike wanting in symbol- 
ism; but the Moors compensated for this want by the 
beauty of their ornamental written inscriptions, and the 
nobleness of the sentiments they expressed. To the artist 
these inscriptions furnished the most exquisite lessons in 
art ; to the people they proclaimed the might, majesty, and 
good deeds of the king ; and to the king they never ceased 
to declare that there was none powerful but God ; that He 
alone was conqueror, and that to Him alone was ever due 
praise and glory. A law of the Mohammedan religion for- 
bade the representation of animals, or of the human figure. 

In the best specimens of Moorish architecture the deco- 
ration always arises naturally from the construction ; and, 
although every part of the surface may be decorated, there 
is never a useless or a superfluous ornament. All lines 
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' grow out of one anolhei' iii iiaturul uud illations, and every 
ornament can be traced to ita branch or root ; and tbc-ro U 
no such thing as an oroament just jotted down to fill a 
space, without any other ri-'asoti lor its existence 

The best Moorish orii a mentation ie found in the Alhain- 
bra, n celebrated palace of the Mooiish kings, at Granada, 
in Spain. This imraenBc and justly famous elructui-e, of 
rather forbidding exterior, but gorgeous within almost be- 
yond description, was erected in the thirteenth century; 
and much of it remains perfect at the present day. It has 
been said by a competent judge that "Every principle 
which we can derive from the study of the ornamental art 
of any other people is not only over present here, but was 
by the Moors moi-o universally and truly obeyed." And 
further, that "We find in the Alhambra the epeakiiig art 
of the Egyptians, llie natui-al grace and refinement of the 
Greeks, and the geometrical com bin a lions of the Ilomans, 
the Byzantines, and the Arabs." The walls of the Alham- 
bra were covered with a profusion of ornamentation, which 
had the appearance of a congeries of paintings, incrusta- 
tions, mosaics, gilding, and foliage; and nothing could bo 
more splendid and brilliant than the effects that resulted 
from their combinations. The mode of piercing the domes 
for light, by means of star-like openings, produced an al- 
most magical eflect. 

XI. rKRSr.VN OUKAMKKT. 
The Mohammedan architcctnre of Persia, and Persian or- 
namentation, are alike a mixed style, and are fur inferior to-1 
the Arabian, as exhibited in the buildings at Cairo. TJie J 
Persians, unlike the Arabs and the Moors, mixed up tlio 1 
forms of natural flowers and animal life with conventional | 
ornament. 

Xn. EAST-INDIAN OHNAMENT. 

Numerous manufactures calculated to give a high idea I 

of the ingenuity and taste of the people of British India | 

a.ppeared in the Great Exhibition of the Industry of all Xa- 

tiona, ID London, in 1853. Among these were various ar-j 
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tides in agate from Bombay, miiTors from Lahore, marble 
chairs from Ajmeer, embroidered shawls, scarfs, etc., from 
Cashmere, carpets from Bangalore, and a variety of articles 
in iron inlaid with silver. In the application of art to man- 
ufactures the East Indians exhibit great unity of design, 
and skill and judgment in the application, with great ele- 
gance and refinement in the execution. In these respects 
they seem far to surpass the Europeans, who, says Mr. 
Owen Jones, " in a fruitless straggle after novelty, irrespec- 
tive of fitness, base their designs upon a system of copying 
and misapplying the received forms of beauty of every by- 
gone style of art." All the laws of the distribution of form 
which are observed in the Arabian and Moresque orna- 
ments are equally to be found in the productions of India, 
while the coloring of the latter is said to be so perfectly 
harmonized that it is impossible to find a discord. This, of 
course, refei*s to the selected articles placed on exhibition 
in 186]. 

XIII. HINDOO ORNAMENT. 

We have but little reliable information about the an*- 
cient, or Hindoo, architecture of India ; yet we know this 
much, that the Hindoos had definite rules of architectural 
proportion and symmetry. One of their ancient precepts, 
quoted by a modern writer, says, *' Woe to them who dwell 
in a house not built according to the proportions of sym- 
metry. In building an edifice, therefore, let all its paints, 
from the basement to the roof, bo duly considered." 

The architectural features of Hindoo buildings consist 
chiefly of mouldings heaped up one over the other. There 
is very little marked character in their ornaments, which 
are never elaborately profuse, and which show both an 
Egyptian and a Grecian influence. 

XIV. CHINESE ORNAMENT. 

Notwithstanding the great antiquity of Chinese civiliza- 
tion, and the perfection reached in their manufacturing pro- 
cesses ages before our time, the Chinese do not appear to 
have made much advance in the fine arts. They show very 
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Utile appreciation of pui'e foi'm, beyond geometrical pat- 
terns; but they possess tbe happy instinct of harmonizing 
colors. Their decoration is of a yory primitive kind. The 
Chinese are totally uuimagiaative ; and their oi-namentation 
is a very faithful expression of the nature of this peculiar J 
people — oddnesB. 

XV. CELTIC ORNAMENT. 

The Celts — the early inhabitants of the British Isles — hadj 
a atyle of oraamentation peculiarly their own, and eiDgti>-^ 
larly at variance with any thing that can be found in any 
otlier part of tbe world, Celtic ornament was doubtless of 
independent origin, but it every where bears tbe impress 
received by the early introduction of Christianity into the 
islands. J 

The chief peculiarities of Celtic ornament consist, iii-st,ia I 
the entire absence of foliage or other vegetable ornament;' 
and, Bccondly, in tbe extreme intricacy and excossive mi- 
nuteness and elaboration of tbe various patterns, mostly 
geometrical, consisting of interlaced ribbon-work ; diago- 
nal, straight, or spiral lines ; and strange, monstrous ani- 
mals or birds, with their tail-feathers, top-knots, and tongues 
extended into long interlaciog ribbons, which were inter- 
twined in almost endless forms, and in the most fantastic 
manner. Celtic manuscripts of the Gospels were often orna- 
mented with a great profusion of these intricate designs. 

What is called the Celtic ornamentation was practiced 
throughout Great Britain and Ireland from the fourth or 
fifth to the tenth or eleventh centuriea. There was a later 
Anglo-Sason ornamentation, equally elaborate, employed in 
the decoration of mannscripta of the Gospels and other holy 
writings; but hero loaves, etems, birds, etc., were intro- 
duced, and interwoven with gold bars, circles, squares, loz- 
enges, quarterfoils, etc. 

XVI. MEDIEVAL OR GOTHIC ORNAMENT. 
Tlio bigh-pitcbed gable and the pointed arcb, with a con- 
sequent elender proportion of towers, columns, and capitals, 
arc the leading characteristics of mediajval or Gothic archi- 
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lecture, which came into general use in Europe in the thir- 
teenth century. Mediaeval Gothic art, like the Egyptian, 
was symbolic, deriving its types from the prevailing religious 
ideas of the period. Thus the churches and the cathedrals 
of the Middle Ages were built in the form of a cross — the sign 
and symbol of the Christian faith. The numbers three, ^ve^ 
and seven, denoting the Trinity, the five traditional wounds 
of the Saviour, and the seven Sacraments, were preserved 
as emblematical in the nave and two aisles, in the trefoiled 
arches and windows, in the foils of the tracery, and in the 
seven leaflets of the sculptured foliage ; while the narrow- 
pointed arches, and the numerous finger-like pinnacles, ris- 
ing above the gloom of the dimly lighted place of worship, 
symbolized the faith which pointed the soul upward from 
the trials of earth to the happy homes of the redeemed. 
The transition from the Romanesque (later Roman) or 
rounded style to the pointed is easily traced in the numer- 
ous buildings in which the two styles are intermingled ; but 
the passage from Romanesque ornament to Gothic is not so 
clear. In the latter, new combinations of ornaments and 
tracery suddenly arise. The piercings for windows be- 
come clustered in groups, soon to be moulded into a net- 
work of enveloping tracery; the acanthus leaf disappears; 
in the capitals of columns of pure Gothic style, the orna- 
ment arises directly from the shaft, which, above the neck- 
ing, is split into a series of stems, each terminating in a 
conventional flower — ^the whole being quite analogous to 
the Egyptian mode of decorating the capital. 

In the interior of the early Gothic buildings every mould- 
ing had its color best adapted to develop its form; and 
from the floor to the roof not an inch of space but had its 
appropriate ornament, the whole producing an effect grand 
almost beyond description. But so suddenly did this pro- 
fuse stylo of ornament attain its pei-fection, that it almost 
immediately began to decline. What is called omamentat 
illumination^ that is, the decoration of writing by means of 
colors, and, especially, the decoration of the initial letters to 
pages of manuscript, attained a high degree of perfection 
under the influence of the Gothic style. 
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Wbilo Gothic ovnamentation retained its eonventioncU I 
cliaractev, there was a boundless field for development: I 
when it became a mere imitation of iiatiiml objects, and rep- 1 
resented stems, flowers, insects, etc., true to life, all ideality 1 
fled, and there could be no further progress in the art. I 

XVn. EENAISSANCE ORNAMENT. ' 

The fact that the soil of Italy was so covered with the re- 
mains of Komau greatness that it was impossible fov the 
Italians to forget them, however tliey might neglect the les- 
sons they were calculated to teach, was probably the rea- 
son why Gothic art took but little root in Italy, where it 
was ever regarded as of barbarian origin. When, in the fif- 
teenth century, classical learning revived in Italy, and the 
ai't of printing disseminated its treasures, a taste for classic 
art revived also ; and the style of ornamentation to which 
it gave rise, formed upon classic models, is called Henais- 
eance ornament ; and the period of its glory the Restora- 
tion , or HeTiaissance period. 

A combination of architecture and decoi'ative scnlptm 
was a distinguishing feature of the Renaissance style. Fij^ 
iires, foliage, and conventional ornaments were so happily I 
blended with mouldings, and other straciural forms, a 
convey the idea that the whole sprung to life in one perfect I 
form in the mind of the artist by whom the work was ex- • 
eeuled. To Raphael (early in the sixteenth century), both 1 
sculptor and painter, we owe the most splendid specimens I 
of the Arabeaqtie style, which lie dignified, and left with 1 
nothing more to be desired. (See Arabian Ornament.) Ai-a- I 
besqnes lose their character when applied to large objects; I 
neither are they appropriate where gravity of style i; 
quired. 

All the great painters of Italy wore ornamental sculptors i 
also. Their sculptured ornaments were ingeniously arran_ 
on different planes, instead of on one uniform flat surface, 
bo as best to show the diversities of light and shade. Much 
of the splendid painting done by the Italian masters, from 
Giotto to Raphael — ^from the year 1290 to 3520 — was 
ral decoration, now generally called yVeaco. In true frc 
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MODKKN ORNAMENTAL AKT. 
There is, no doubt, a very decided tendency in modent I 
c^namental art to copy natnral forms as faithfully as po»- \ 
" 'a for all decorative p(irpo»cs. We see this, alike, in our 
il earpetfi, floral wall-papors, floral curtains, and in the 



OENAMHNTAl, AKT, 43 

fliiral carvings of our strnctures of wood, Btono, and Iron, 
Yi-t when pcrfcctioD sball havo been attained in tliis mode 
of ornamentation — if it has not been already — and whicli ia 
but the mere copying of nature, and devoid of all original- 
ity of design, how little has the artist accomplished in the 
development and application of art principles, and what fur- 
ther can he attain to ? 

But when, on the contrary, the progroBB of true art sliall 
be acknowledged to lie in the direction of idealizing the 
forms of nature — giving to them a conventional represen- 
talion while adhering to the principles of natural growth, in 
the manner in which art grew up among the Egyptians and 
the Greeks — the artist will be left free to follow the bent of 
his genius, and to select from, and conventionally adopt, 
whatever natural forms bo may find best suited to his pnr- 
poaes. Then there may be advance in art beyond the copy- 
ing and intermingling of those olden styles, which now ex- 
cite in us but little sympathy ; but until then we shall prob- 
ably rest content in the idea that alt available modes and 
forms have been used by those who preceded us, and that 
there am no untrodden domains of art left for us to esplors. 
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I. aUTERIALS AND DmECTIONS. 

1. FoK Paper to draw on, use " WiBson's Cabinet J)ravt- 1 
ing-Paper" for Dr.i wing -Books Nos. I, U., Ill, aud IV. J 
This paper is printed in fine red or pink lines, to correspond ' 
to the ruling in the Drawing-Books ; and it has a border bo 
mled and lettered as to famish convenient guides for the 
accarate drawing of the diagonal and semi-diagonal lines 
of Cabinet Perspective, as illustrated in the Second, Third, 
and Fourth Drawing-Books. Of this di-awing-paper, No. 1 
is the same in size as the pages in the Drawing-Books, and 
No. 2 is four times the size. There is also "Jsomeirical 
Dratcing-Paper No. 1," of tho same size as the No, 1 Cab- g 
inet Drawing-Paper, for use in isometrical drawings, a 
lustratcd in the Appendix to this volume. The fine pinkJ 
IJDes of th? drawing-paper do not in the least interfere! 
with the pencil drawings. 

2. For Pencils, use Faber's Nob. 1, 2, 3, and 4, which are 1 
round black pencils. No. 4 being the hardest of these, is 
used for fine, hard lines only, or very light shading ; No. I 
for common outline drawing and shading ; and No. 2 for 
heavy and distinct dark lines and edges. No. 1, very dark 
and soft, ia little used. There are also very superior Fa- _ 
bor pencils, of light wood,hesagorial in form, and numbered J 
by letters H, HH, DIIH, and mmu : H being soft pencils, ] 
and HHITH very hard and fine. 

There are also what are called the Eagle pencils — the H 
pencil for light shading and lines, and the F for common 
shading. The common Eaglo pencils marked 1, 3, and 3, 
are of inferior grade. 
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3, For most indiiatiia! drawings, however, India ink isJ 
more convenient, and better, for shadint/, than the pendLM 
A cake of ^ood India ink, about two inches long, that wilJA 
go further in shading than a liundred pencils, may bo bongbtl 
of almost any bookseller or stationer for some .twenty or^ 
thirty cents. Two or three camere-hair pencils (or brash- I 
es) will also be needed. Price, three or four cents each. I 
To use the ink, put half a teaspoonful, or less, of water in a I 
email eaiiccr (or the smallest china plate, about two incheft I 
in diameter; or a smalt glass salt-cellar ia better), and rub 1 
one pnd of the India-ink cake in it, giving the water tha 1 
depth of tint that ia required. With one of the brushes J 
floie the ink over those portions of the drawing that are to 1 
be shaded. AVhen the ink is dry, apply the wash a eecon^l 
time to those portions that reqaire a darker shade than thn 
lighter portions, and apply it a third time to those portionafl 
if any, that require a still darker shade. In this mannojH 
any required depth of even shade may be given. Be car^fl 
ful and not make the ink too dark at first; and, as it drien 
tip quite rapidly in the saucer, water must be supplied froiBW 
time to time to keep it of a uniform tint. It produces »■ 
good effect to first wash lightly, with India ink, those poc-l 
tiona of a drawing that require shading; and then, whcafl 
the ink is dry, to put on the line shading with the pencil. ■ 

4, For many of the cui'vilinear drawings, in which partsj 
or wholes of perfect circlss are used, a pair of comjMsaeiM 
adapted to receive a pencil wilt bo needed; or, what will'l 
answer the puipose very well, a pencil may be split anA'1 
tied Urmly to one of the legs of a pair of ordinary bras^J 
compasses or dividers. ■ 

5, A ruler will also be needed for drawing long straighM 
lines. It should be beveled off on one side to a very thiiSfl 
edge. A ruler with one thin metallic edge is the most cos^ 
vcnient, V 

fl. For the purpose of BlacJihoard Exercises in connectiotffl 
with drawing on paper, every school in which indnstrisM 
drawing is laught Ehonid be provided with a blackboarfl 
of convenient size, having _;S;fe red Ihies painted on it, both 
vertically and horizontally, at right angles to one another. 
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and two inchoa apart. Any careful paiiitei' ean prepare a 
board in tliis manner. The board ebould not be varuisbed. 
The red liues drawn on the board will inlerftre very little 
with the use of the board for ordinary purposes. TIig 
echool should also be provided with one pair of chalk-cray- 
on compasses, for the drawing of regular curves on the 
blackboard. Any ingenious carpenter can make a pair that 
will answer very well. One of the points may be hollowed 
out to receive the crayon, which may be lied in, 

7. All the figures In a lesson, or on a page of the Drawing- 
Books, should bo fii-st copied by the pupils on the lined 
drawiug'papei", and thea the accompanying l^rohlenis should 
be drawn, aud then the free- baud bluokboard exercises, 
when such are suggested. The pupils should also e^plai 
the drawings fully — their measurements according to the 
ficalo given on the paper, ami their real meaBui-es when 
drawn on the blackboard. But if any of the pupils are 
too young lo understand the few elementary principles of 

I Burfaee roeasnrement thai are given in Drawing-Book No. I., 
[ these principles may be passed over for the present, as 
[ they will come up again in a more extended expositiou of 

the Drawing, Measurement, and Itelations of Surfaces and 

Solids. 

8. Althougb //'ce-Aa«f? di'moing can be carried ont ic the 
present aeries qniie as e.vlenaively as in any other series, 
and perhaps with more eftect thai in any other, as the 

\ guide-lines at once detect all inaeenraciea; and although 
L this kind of preliminary practice is important for all de- 
ft Bignei"8 in art, and especially for artists by jrro/ession, yet 
I wo would remind teachers ami ]mpils that it is never rc- 
I. lied on by architects, draughtsmen, and artisans for the 
I drawing of working-patterns or designs for indn&trial pur- 
I jioscs, and that most of the copies which ai'e given in the 
l drawing-books for practice in frec-h.ind drawing arc there 
I executed, with elaborate care, by the aid of rtiler and com- 
I pass. Even the best of artists do not hesitate to resort to 
■ all possible mechanic^ appliances by which their work can 
I be improved; and it would be strange, indeed, if we should 
I deny to childivn those aids which we allow to age and ex- 
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perienee. While, Ifaerefo re, we recomraeti'l fiee-Land dnw, 
ing ill elementary^ exercises, and aho in all porlions i 
copies or original designs wbicli cau be well executed thero^ 
by, we would advise advanced pupils to make use of ^ 
other aids that are essential to accuracy of resalt. 
qnent directions are given thronghont the work for f 
band exercises in drawing on the blackboard. 

0. For the pnrposc of gettini^ tbe full effect of a dra _ 
in diagonal Cabinet Perapeciive {Books IL, 111., and IV.to 
partially close the hand, and throngh the tubalac open! 
thus formed look at the drawing from a position a littj 
above and at the right of it. On thus viewing it intetiu 
for half a mlnnte, the drawing will seem to stand oat^j 
fcold relief from the paper ; and if there are any i 
cies in the perepeetive, they will be readily detected 1 
the unnatural appearances which they will thus be mtfl 
to present, 

10, If tbe teacbcr should find some few slight innccnn 
clea in which the diagrams in tbe Drawing-Books do d 
fully come up to the descriptions of them, they must st^ 
tribute it to the occasional want of care in the artists v 
copied thera from the original drawings. The errors, 1 
ever, are believed to be few, and of little importance ; 
the teacher who gets hold of the principles will easily c 
rcct ill em. 

11. It should be ifmarked, also, that drawings in pend 
and India ink, if well executed, and especially if made o 
the pink-ruled drawing-paper, will be clearer in shadin 
more distinct in outline, and will show to better advanta^ 
generally, than those in the Drawing-Books, 

JST" 12. For convenience of adapting the explanations of 
drawings given in the Drawing-Books to those made on 
Iho blackboard, let it bo understood that the lines on tho 
blackboard are in all eases (unless otherwise directed) snpi 
potod to bu drawn tn the same scale as those assigned fi^ 
tho tincR of tbe printed drawings. 
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IT. STRAIGHT LINES AND PLANE SURFACEa 



Lesson L HorizotUal Parallel Lines. — A ?iorizontal Ihiei 
is a lioe that has all its points equally bigli, or on a tevcll 
with tlie horizon. Parallel Uims are lines that extend in Iho 
same direction, and that are equally distant from one anoth- 
er, however far they may be extended. Thus, t!ic lines that 
cross the paper from left to right are parallel linea, one 
eighth of an inch apart ; and they arc also horizontal lines 
when the paper lies flat upon the tahle, and also when it is 
raised to an upright position. All the lines in Lesson I. . 
may be considered hwieontal and parallel, 

lu drawing the copies on this page, use a No. 3 or No. J 
pencil, rounded at the point, and not sharp. Use no nilenl 
III figure No, l,dran'all the lines on the fine-ruk'd horizon tal'J 
rod lines seen on the drawing-paper — firet tracing each line.] 
very lightly, carrying the pencil a part of the time from left " 
to right, and a part of the time from right to left, so as to 
acquire a free command of tlic hand. Finish by drawing 
each line firm and distinct, and as true and even us possible. 
In the first cohimo the lines arc one eighth of an inch long; 
ia the second column two eighths, or one quarter of an 
inch ; and in the third column three eighths of an inch long. 
The printed vertical and horizontal lines in the Drawing- 
Book, and also on the drawing-paper, arc one eighth t>i an, 
inch apart. 

In No. I., the pencil lines are drawn on the ruled lines, one " 
eighth of an inch apart j in No. II., they are first drawn the 
same as in No. I., and then a line is drawn between every 
two; in No. HI., (wo lines are drawn eqnally distant between 
every two lines firet drawn as in No. I. No. IIL represents 
. coarse shading. Let the pupil imil.ite the foregoing with 
I free-hand drawing on the red-lined blackboard, and tell the 
lengths of the lines thus drawn — as two inches four inches, 
six inches, etc. ; and their distances apart. 
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Lesson II. Vertical Parallel Lines, — A vertical line is 
one that is exactly upright in position — such a line as that 
which is formed by suspending a weight by a string. Tlie 
lines in Lesson II. represent vertical lines ; but they are 
really vertical only when the paper is placed in an upright 
position, and with the heading of the page upward. These 
vertical lines are parallel^ for the same reason that those in 
Lesson L are parallel. 

Draw the lines in Lesson 11. from the top downward, 
first going over each line lightly, once or twice ; and, when 
the line is accurately traced from point to point, finish by 
marking it firmly. 

What are the respective lengths of the lines in No. 1 ? In 
No. 3? In No. 4? 

In Nos. 2 and 3 the lines are drawn at the same distances 
apart as in the corresponding numbers of Lesson I. In No. 4, 
three lines are drawn equidistant between the ruled lines. 
No. 2 represents coarse shading; ^o,^^ ordinary shading; 
and No. ^^fine shading. 

Free-hand exercises on the blackboard^ similar to those di- 
rected for Lesson I, 

Lesson III. Angles^ and Plaiie Figures, — No. 1 repre- 
sents two right angles, «, a;, formed by one line meeting an- 
other. An a7\gle is the opening between two lines that meet. 

When one straight line {a b) falls upon another straight 
line (c d)^ so as to make the adjacent angles (aj, x) equal, 
the two angles thus formed are right angles. The angle at 
a?, No. 2, is also a right angle. 

An acute angle (e) is an angle that is less than a right 
angle ; an obtuse angle {n) is an angle that is greater than 
a right angle. 

Aplane is a surface^ on which, if any two points be taken, 
the straight line which joins them touches the surface in its 
wliole length. 

Nos. 3, 4, and 5 are plaiie figures called squares. 

A rectilinear plane figure is a plane figure bounded by 
straight lines. 

A square is a plane figure that has four equal sides and 
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foar right angles. Nos. 3,4, and 5 aro equaroa. They aru 
nlso called erwf squares, because two of the sides of cadi 
are erect, or vertical. 

A rectangle is a four-sided figure IiaviDg only right an- 
gles. The term is generally applied to those rectangular 
(right-angled) fignres which are not squares. Nos, 0, 7, and 
8 are rectangles. N^os. 9 and 10 may be divided into ivct- 
aiiglcs. 

Principles of Surface Measurement. 

We will suppose that throughout Drawing-Book No. I. 
the direct distance from one liue to another on the ruled 
pajier is one inch, unless otherwise directed. 

Then, how much space will one of the small ruled squares 
contain ? (One square inch.) How much will four of thera 
contain? (Four sqii.ire inches.) As a standard of meas- 
urement, eaeh of the email squares fomied by the ruling of 
the paper is called a primary erect square. 

How large is Xo. 3? (Ono inch square.) How much 
area, or surface, does it contain? (One square inch.) 

How large is No. 4 ? (Two inches square. That is, it 
measures two inches on each side.) How much area, or sui*- . 
face, docs it contain ? (Four aquai-e inches, as may be seen J 
by counting the primary equates within it.) I 

How large is No. 5 ? (Four inches square.) How much 
area, or snrface, does it contain ? (Sixteen square inches.) 

How large is No. 6 ? (Two inches by three inches.) How 
mnch area, or surface, does it contain ? (Six square inches.) j 

How large is No. 7, and what is its area? How large ii 
Ko. 8, and what is its ana? 

Hence, 

To find the area or surface me-Tanrciiieol of aoj reclonglo : 

Ri-i-E I. — Multiply t/te Imglh by the breadth, and Iheprod-M 
uct will be the area. 

PROBLEMS FOB r 
1. tllvw a sqiinre of rlircc inches lo a side. Mliat is 

S. Dmtr n square of nine inches to n side. Wh.il U 



» .;*'•!•" I "r^frtr.fjfj^ -f iv tt* -i-^if n4*hp0 V ;iu .j« .tji Ilea.'.' 

V ^; . J- , • r»« / 'r >V^ ' » » ** . AT) #y' h o f -li « I ^<; ^ t ' >r' > . 1, Ho ^ man V 
*frji/,'j .?»i'/f.v '>!on .\'o ^ > !t ? ' /^'>'/;' '!nu*s ^r^riii^r : 'lecanse 
,V''>. .{ ^/>»i* pnM ^•>'> -innnr^, !n^h, uwl X«i. 4^ ?rjn rains iur 

nn M ^' f ) . 'If ;a» ;• ' h ri n %''''>. \ m it? f .'^,»^^,^j>rt >. * i ni <*s ! ar^er. • 

;:if'/fr ?i;^in Xo. 1- is it? ( F^/*fr r.im^ iarcrr^r. » 

V''^ V M'«« **«;>•'> Ml/". W-n^/th ^^f ^uif''^ ot Xo. '5. Ho ^ much. 

Kr^Ti) ffi''' Cov^'Cr/y\r\(f^ It ar>p'''^r^ rhat. by Increaaing the 
l'-i)Vil)'/ of ffi^ jj/J^^ ''rf a fl/'jnar^ ^»r a rentancrle to -fj/ro timea 
Mi^ir l''n;/»l», x'^ form a ^imilnr ficcui*'^ /'<»»>??• timfjs aa large; 
V^y m/'-f'Tf^iri'/ f''r /////*>? tlm^*, w<? form a <^imilar fiiinre n4;<e 
hrri'M ;»'^ Irtr/^; by In<riV';minC( fr>/ony r.imf;^, we iomi one 
fl.fhf-n f jrn^« ;»** Ifii'v/"' ; Ky in^'.rf»a«Incc U* fiKe timr«. we form 
^tK' httnhi Jfr,A t\u\f'% i\% I^»'^'^, ^f^" TTic ?ame princi- 
ple' \)h\tU fiii'' \vifl» r^^rir^ to a ficcnrc of </;>y number of 

Va r \f r, V 7 A r? / Vt\\'^t\v\.v.. Th^. arean of aim lUir plane fig- 
it rf 't nrt' lifk tfir fifftf^rtM of fJi^Jr nirniUir $ides. 

H, fli/T/ for/', w/' hnvt^ fi f»l;inr! fi^iirfj of any number of 
ri*l/ ■', fim] \vi-;h lo m^ik^ ftiiollif-r nirnilnr to it, hutybwr ^/me« 
fi-1 l'ir|//-, w/* (limhlr. flic lrnit(thH of tI»o Hides; because 2 
fiffW'i ' JIM' fiiur .' if wo wish to muVc. one ^n'/^e times as 
Imho'. \v'» ////'//• fho iMiirlliH <»f lli(5 Miih'H; liocause 3 times 3 
•III. iifnr; \i' w<» \vi''.li fo iiiiiko OIK' fiLrfr/!U times as larcc^, we 
(fihh/i tif'/n (|ir> |rM}(lli»i of t lip kIiIcm ; liecniise 4 times 4 arc 
»>/i/. . H Mfi<t »ii (ifi (o iIm' Riniinc of any ^iveii number. 

; •' ' Ml llin h MrlM'T t<\|»lain inor(< fully, if necessary, 
wliiit Im Mil Mill l»y t/n^ affitifn^ of a number, and especially 
} Ih/il immmImt H'presiMilft llie IvHffth of a given lino. 



STKAIGUr LINES ASD PLAXE SCBFACES. 



I 



PK0BLSJI3 FOB FBACTICE, 
I. DraiT a square (amiliiT to So. 3, but nine times ss Inrge^ 
S. Drsw a iqiure similaT to Xo. i, but nine limes as large. 

3. Dnw a square siinilar to So. 4, bnt tircalf-liTe times as large. 

4. Draw a rectangie elmilAr to Sa. G, but nine times as large. 

5. Draw n rectangle timilar to Xo. 6, but fonr times ns btrge. 
G. Draw a polvgon eiiuilnr to So. iO, bat four times as large. 

A polygon la a plane figure having many sides and miiny 1 
angles. The tei-ni is gcoerally applied to a plane figore of | 
more than four angles and four sides. 

J-'reS'Aami exercises on the blackboard.— IjsX, llie pupil fol-1 
low oat, on the blackboard, a course of eserciaes Etmilar to J 
tliOBe prescribed for the tiDt-Iiaed drawing-paper. 

Lessor TV. Diagonals. — Diagonals are Hoes drawn in'^ 
tlie direction of a diagonal of a, primary erect square. 

Aprhnary diagonal is a line drawn diagonally from onen 
comer to another of a primary erect square. 

Ko. I is made up of primary diagonals in two directions.! 

JTo. 2 is a primary diagonal square. What is its areaJ 
equal to? (Two square inches; inasmuch as it inclndea J 
four halves of the small ^n'mary erect squares.) 

Wliat is the area of No. 3 ?* 

What is the area of Jfo. 4 ? No. 5 ? No. 6 ? 

If No. 2 have its sides doubled in length, how much larger 
will the figure be ? 

If Xo. 2 have its sides trebled in length, how much largeH 
will the figure be ? 

PKOBLEIIS FOE PKACTICE. 

1. Dir.w a diagonal square similar lo No. 2, but sixteen limes ns large; 
that U, conlaiirmg sixteen times tbe area of No. 2. Haw lung must ibe 
sides lie, compared with the Bides of No. 2 ? 

2. Draw a dingonnl square similar to No- 2, bat twenty-fiTe limGs m 
large. How long must the sides be, compared wiib the sides of No. 2 ? 

S. DraiF a diagonal sqnare simtLir to No. 3, bnt nine times as large. 
4. Dmw a diagonal rectangle Eimilar to No. 5, bat four limes as Urge. 

* Ttie laleti of square inches included within the figures in tills lesj 
tnight be marked niih deU, for greater farililv in coanting iliem. 
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fllio liglit is supposed to come, Tlius, in Ko. 4, the light! 
is Eup[>osc(l to come ia ths direction of the uitow a/ and! 
bcnce tli<3 outlinca are made Liio heaviest whei'Q the shad-' 
OW8 would naturally fall. 
Ko. 5. Observe tlie direction in which the light falls upoa.l 
this figure, as indicated by the aiTow b, and the confiequont 1 
heavy outlines of those sides of the four pieces which would I 
be in shadow. 
The shading ia No. 1 should render outb equarc distinct 1 
f)-om tiie othci 
No. 8 ia a pattern made up of only one figure, repeated 1 
continuously, and so arranged as to cover the entire 
face. A very great variety of patterns, eonaifitiug wholly 1 
of ropelitionB of one figure to each pattern, may easily bal 
designed, and drawn by the aid of the ruled paper. 

What ia the area of each of the squares, aa they are nunvfl 
bered, in No, 7. 

The area of the pattern figure In No. 8 P 
Fixe-hand exercises on the blackboard, 

PAGE TWO. 

Lesbok VI. Tieo-space Diaffoncds. — By a tteo-space diag-J 
onal is meant tbe diagonal of a rectangle whioli ia twice a»f 
long as it is broad. It is a diagonal which passes o 
spaces on the ruled paper. 

No. 1. Tlie linos in No. 1 are two-space diagonals, 
should be copied, without the aid of a ruler, until they catt* 
be drawn with tolerable accuracy, and with facility. At Afl 
lines are first drawn as at a; and then lines are drawn in-J 
termediiito between them ; c is first drawn the same as h 
and \s then filled in with intermediates. In this i 
great uniformity of shading may be attained. 

No. 2 ia drawn in a manner similar to No. 1. First trace 
each line liglitly, and conliuuo to pass the pencil over 
til it is drawn with accuracy. 

Jfo, 3. As two square inches are represented in the doH 
ted rectangle, and as the line a b divides the rectangle ii 
two equal parts, therefore on eacli side of the line there ii 
an area equal to one square inch. 

^ ■ "" C a 
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veiy diatinclly by the shading; nod this 
rery appropriate far that pnrpaae. 

No, 13. What ia the area of each of the rhombuses mark- ', 
ed af (See No, 4 aud No, 6.) What is the area of the I 
central star figure? (See No. 11.) What is the area of the | 
whole octagon ? 

No. 14, What is the area of each of the rhombuses marked 1 
a? (SeeNo.9.) Of each of the star points marked 6? (Seel 
No. 4.) Of the central square c? Of the whole octagon? " 

PROBLEMS FOK PKACTICE. 

I . Bmw a rci:langlo simitar to the dotted rectangle Ko. 4, lint four Iiniei>fl 
as hu-ge, (See Elemestaet Pfii.vciPLE, page 54.) 

•1. Di'aw a triangle nimilar to a of No. 4, bat nine times aa large. llawM 
mast the sides compare in length with those of a of No. i 7 What will | 
he Iho area of the triangle ? 

3. Draw a triangle similnr to a of No. C, but containing sixteen lime 
areuofNo. 6. 

4. Uraw a rhombus itimilar to No. G, bat containing twonty-liTe time 
area ofNo. C. Slindeit with two-space diagonals like ft, or c, of No. 1 

u. Dratr a rhombus similar to No. 7, but containing only one fourth thsfl 
urea of No. 7. 

C. Draw a figure similar to the a portion of No. 8, but sixteen lir 

7. Draw a rhombna similar to No. 3, but containing twenfj-fii-a dm 
area of No. 9. 

8. Draw a rhombos simihu' to No. 10, but baring four times the ai 
No. 10. 

5. Drair a stnrligurc similar (o No. 11, but containing nine times Ih 
of No. 11. 

10. Draw an oclagon simihirto No. 12, but containing foar times th 
of No. 12. 

II. Draw nn octagon similar toHo. 13,but containing nine limes lb 
of No. 13. Divide it as No. 13 ia divided, and murk within each rhambag| 
Us area, and mark the area of ihe atar also. 

13. Draw a figure similar to No. 14,bnt sixteen times as large, and markB 
within (he parts a, b, and c the area of each. 

Zft problems similar to the fayegaing be drawn on t/ie% 
Uackboard, or selections from them, at the option of thSW 
teacher. 

IjEssos VII. — No, 1 is a tieo-space diagonal square; and I 
No, 2 is the same in a difierent position. The area of No, 
I can easily bo counted iip) when it is seen that each of tb' 
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5. Dratr a rectangle simiLir lo No. 4, bnt embracing four limes ths area 
ofNo-i. 

3. Draw n rectangle siniilar to Ko. C, bat embracing fonr limes the area 
cfNo-O, 

*. What area would be includeil in a two^ace Jiagonal reciangle hni-- 
ins B length of eight twiMpace iliDLgonsl measures, and a brendtb of five? 
(See Kule II.) 

6. Draw a pattern similar In Xo. 10, but with the figures emlmicing fotir 
tJBie* the area of those in No. 1(1. 

6. Draw a pattern nmilar to Ko. Il.bat with ihc figures cmbrHciiig fu&tl 
titnes the area of those in No. 1 1 . 

Free-hand drawinff of probleina similar to the /orei/aii^M 
on the blackboard. 

Lessor VUL TTiree-space Diagonals. — By a ehreespace 
diagonal U meant the diagonal of a rectangle wliich is thre 
titues as long as it ia broad. Thus, the diagonal of the rcct-: 
ai^gle at a, Xo. 1, passes over three spaces, and divides ihel 
rectangle into two equal parts. As the rectangle include* 
an area of three square inches, each half of it, as marked l^V 
has an area of one and a half square inches. 

No. 2. What ai^a is included in the dotted rectangle So. 1 
2 ? In each of the three parts, a, b, and c ? 

No. 3 is a three-space diagonal Equare. Observe th.U 
each of the parts marked 1 has an area of one and a half 
sqaaro inches. Then what is the area of the whole square? 
(Ans. 10 square inches.) 

No. 4 is a rhombus. What is its area? The area of the 
dotted rectangle ? 

No. 5 is a three-space diagonal roclangle. Its area is 
easily found, by counting, to be twenty square inches. But 
the area of any three-space diagonal square, or other ihree- 
epace dia<;onal rectangle, however targe, may easily be found 
by the following rule, also a modification of Rule I. 

To find the urea of a thrce-qmce dingooal rectangle : 

Rule C. — Multiply the length in threefpace diagonaia fiy J 
the breadth in thrce-fpace diagonaU, and ten time» t/iepro^M 
uct teili be the area, in meaeures of the primary erect squares. \ 

Tlins, in the square No. 3, the length 1, of one side, multi- 
plied by 1) the length of another side, gives the product 
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1, which, multiplied by 10, gives 10 square inches as the 
area. 

Apply the rule to No. 5, and test the result by counting. 
What is the area ? 

No. C. What is the area of the inner dotted rectangle? 
Of tlie large rectangle ? Then what is the area of the space 
included between the two ? 

No. 7. The area of the space included within the dotted 
figures ly 2y 3 is seen, by counting, to be five square inches. 
But the area of tlie part marked a is one and a half square 
inches, and the area of c is the same, the two parts a and c 
making three square inches. Therefore the part b embraces 
two square inches. 

No. 8. What is the area of the rhombus No. 8 ? 

No. 9 is a three -space diagonal octagon. What is the 
area of each of the parts a, ft, c, and d? Of the inner dotted 
square ? Of the whole octagon ? 

No. 10. What is the area of the four rhombuses a, ft, c^clf 
Of tlie star rj ? Of the whole octagon ? 

No. 11. What is the area of the four rhombuses a, ft, c, df 
Of the four parts c, /, </, h ? Of the central square h f Of 
the whole octagon ? 

No. 12. What is the area of the star in No. 12 ? What is 
the area of the star in No. 8 of Lesson VII. ? What is the 
difi\jrence in their areas ? 

Let all the foregoing he drawn on the drawing-paper, 

PROBLEMS FOR PRACTICE. 
. 1 . Drnw, on the drawing-paper, a three-space diagonal sqoare that shall 
contain 9 times the area of No. 3. 

2. Draw a rhombus similar to No. 4, but containing nine times the area 
of No. 4. Within the rhombus thus drawn, and equidistant from its sides, 
draw a rhombus containing four times the area of No. 4. Within this latter, 
and equidistant from its sides, draw another equal to No. 4. Mark the 
rhombuses thus drawn No.l, No. 2, and No. 3, beginning with the smallest, 
and mark the area of each. 

8. Draw a rectangle similar to No. o, but containing sixteen times the area 
of No. 6. Draw one within this latter containing four times the area of No. 5. 

4. Draw a rhombus similar to No. 8, but containing four times the area 
of No. 8. 

f). Draw an octagon similar to No. 9, but containing four times the area 
of No. 9- 
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G. Draw no octngan simiLir to No. 10, hat itith otber interlacing octt^ I 
Kons on its diugonnl sides, Eimilur lo Ko. 10 of Lesson VII. I 

T. Vrnw an octagon similar to No. 11, bat with other intcrlni^ing octft- I 
gons on its vertical and hotixoQtal sides, similur to No. II of Lesson VIL I 

S. Draw a star similar to g of No. ID, hut having four times the area of 1 
g, and inclose it with an interlacing Equnre similar to No. T of Lesson VIL 1 

Free-hand drav:ing of problems similar to the foreijcivg J 

on the blackboard. I 

PAGE THREE. I 

Lessox IX. — This lesson consists of a series of net-work, 1 
tlie finer examples of which, when used in drawing or en- J 
gi-aving, for the purposes of aliading, are called hatching. I 

Ko. 1 is a coarse diagonal net-work, in the form of sqaarcB.! 

No. 3 is drawn, in the first place, ia the same manner as 
No, I ; after which another set of lines is put In, in toth 
diagonal directions, intermediate between those firat drawn. 

No. 3 is first drawn the same ns No. 2, after which another 
set of lines is put in intermediate between those first drawn. . 
Tliia kind of hatching is seen in No. 6 of the next lesson. 1 

No. 4 ia a coarse tieospace diagonal net-work. I 

No. 5 is first drawn the same as No. 4, and is then filled J 
ill with another set of lines between those first drawn. j 

No. 6 ia a fine batching, first drawn the same as No.S, and J 
tben filled in with another set of lines intermediate between | 
those first drawn. A sharp- pointed, bard pencil is required J 
for this shading. 1 

No. 7 is a coarse three-space diagonal net-work. Whea 
filled in with two lines intermediate between those here 
drawn, it forms a good hatching for some kinds of shading. 

All the examples in this lesson, which should be copied 
without the aid of a nilcr, will furnish good escrcises in 
drawing straight, uniform, and equidistant linos. The dU | 
rections, and the distances apart, are given in the ruling of J 
the paper. ■ 

Free-hand draftny of Lesson IX. on the blackboard. ■ 

Lessov X. — No. 1 gives the outline of a star-shaped fig^* 
ure; and No. 2 is the same divided into eight pairs of wings 
by a ■vertical, a horizontal, and two diagonal lines, and then 
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sliadod. This peculiar slar-sliaped figure is a common forra 
of ornament in examples of Byzantine art. Wiiat is ttafl4 
urea of each of the eight paira of wings of No. 2 ? Of tbe-fl 
whole Biar? 

No. 3 ia tt star similar to No. 2, incloaeJ in a diagonal 
square, but wilb twice the length of siiles of No. 2. Hovjl 
tlioii, does its area compare with that of No. 2 ? What n 
the area of the diagonal square ? (See Rule A, page 66.) 

No. 4 is a hexagoHul pattern covering the entire sni'faoe. 
A hexagon is a plane figure of six sides and six angles. 
Wlicn the sides are all equal, and the angles all equal, it la. ■ 
a regular hesagon. "What is the area of one of the hexagonal 
of No. 4? 

No. 5 is a pattern composed of an elongated oetagonalj 
figure and a square, the two forms combined covering thft!| 
whole surface. What is the area of one of the octagons ? <_ 

Nos. 4 and 5 may be varied so as to embrace a great vie 
rifty of similar patterns by changing the relative lengthf 
of the sidea. Nuraeroua oil-cloth and carpet patterns i ' 
formed on this basis. Additional variety is given to Nol 
4 and S by the bordering, as indicated at a and b. C 
that the exact distanao of the inner lines from the oute 
border is given by the intersections of the ruled lines. 

No. C is an original Moorish pavement pattern, called iriQa 
aaic ; but it is now common, with various modifications, ittfl 
pavements, oil-cloths, etc. It is easily drawn on the rulef 
paper. The hatching used in the shading is that gf N9, $'l 
of Lesson IX, 

No. 7 is an elongated hexagonal link pattern, for borders,! 
etc Observe the position of the lieany shaded lines on thef 
right hand and lower sides, 

No. 8 id a double interlacing square. First trace lightly. -] 



1. Draw a 



PROBLEMS POlt PRACrrCS 
T similar to No, S, but nl"? limes a 



large. WLal will !>•■ 



2. Draw a Max similnr (o No,?, but four tinres us liirgc. and inclas»4l 
wiih B diaeorwl Bqiiara Bimilt\. f« ihe iiiclosura of No. a. CcntraUj »■ 
wh of ihe comur diagot>>i\ squares similiir ton, ft, r, d of No. 3 pbce a 
to }io. 2 irilbia ila, ntrn, diaganal sqasre. ' 
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3. Draw apnllem made up of hexngons similar to tliose of Xo. J , lint ol 
fuur (imes tite aien, niici comjilete each in a maimer Gimilor 

i. Draw a pattern like No. 5, but with the exception that llic slinilci'. 
aqunrea shall contain four timoa the area of those in No. B. Cumple 
Eeverol hexRgons in a manner similar to A. 

5. Draw a pattern composed whoU; of figures like No. G. The additldi 
at a will show how the several figures are to be connected. Shade all liU 
No. G, or Dse dijierent lints of India ink. 

B. Draw n link pnttem like No. 7, with ihe e:tceplion that each link s) 
be two spaces logger than in No. T, but of the Enme width. 

Free-fiaiid dnueing of Lesson Xl, and the problem 
the blackboard. 

Lessoi^ XI, — No. 1 and No. 2 are liie elements of slii: 
different patterns formed on tlio basis of eillici' an erect Oi 
a diagonal square. 

No. 3 is the basis of an octagonal pattoni. At No.4 tlie 
plinrt lines aa a a sbow tlie method of marking out aii 
iiei' uctagou whose sides shall be uniformly distant from ai 
parallel to the sides of the larger octagon ; and No. 
tlie figure completed. 

No. 6 is the pattern, as carried out, from the preceding 
three figures. The central octagons should be shaded with 
a light tint of India ink, and the squares with the running 
dots in horizontal lines. The diflerent kinds of shading 
used in the patterns given in tliese books denote the variety 
of colors employed when the pattern is used either in orna- 
mental art, or in the designs of oil-elotha, carpets, wall- 
per, etc. 

No.7 is a dodecagon — a figure of twelve sides andtwelv 
angles. When the sides are equal, and the angles equ 
the figure is a reffulai' dodecagon. What is the area 
each of the parts a, b, c, d of this figure ? Of the centi 
dotted square? Of the whole dodecagon? 

No, 8 is a dodecagon divided into a border of squares am 
triangles, and a central hexagon. What is the area of each 
of the two vertical squares? Of each of the four two-space 
diagonal squares? Of each of the six white triangles that 
incloses the small dark triangle? Of the central hexagoa. 
Of tho whole figure? 
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'So,^ in n pf^tiem comjxj^efl wholly of intersc-cting dodee- 
n%hu^ nke So, H, Each fi^nre, it wiU be seen, forms a por- 
ii^/n of^ix /fih^,T like fi^^res ftarronnding it. This combina- 
ii'/n '/f AfA*:(:7i'j^h%\^ h an original pavement pattern taken 
from a lioman chiireh in the I'yzantine period of Roman 
hi^iory^ It JA an a^lmirable Hjiecimen of geometrical mosaic 
work i(0 cjftmuou in that period; and it must have been 
forni^rrl fj|;on linf.'S drawn precisely like those given on our 
rijh;d paj;*?r; for in no other manner could a series of such 
iS^uren ha /Irawn with accuracy, 

J'KOKLEMH FOJJ PRACTICE. 

1. I^fAW a |mUf;rn forme^l of figitres like No. 1, allowing the figures to 
UrtU'U \erik'.fi\\y aiu\ liorizontfllly. Give to these figures the running dot 
nhnttUtff', ntul nhtuh i)ui ifitcrrncdiate figures formed betiveen them with a 
WuUi tint of India ink. 

2, i)rnw n pnttrtrn formed of figures like No, 2, r.nd shade the diagonal 
vrtmn Hith a lint of India ink, and the intermediate figures with the running 
dot HJindin^. I^mvc the dingonul squares unshaded. 

ih l)rnw a dotibh; intcrla<?ing square like No. 8 of Lesson X., and cen- 
tnilly within it draw a figure like No. 8 of l-rcsson XL 

I'lWHiruH similar to No. and No. may be drawn 4, 9, IG, 25, or 36 
llni'K, «t<',, lnrg«r thnn the figures here given, by increasing the lengths of 
tlin nUlv.n If, .M, 4, r», or (» times, etc., nccording to the principles explained 
on patens tt'A and tt\, 

Fm-lutitd drairinfj of Lesson XI., and (he prohlemSj on 
f/io hhtrkboavd, 

PACii-: rouu. 

V\)V oonvi'iiicMicc, wo now drop the method of grouping 
the oxamplrK under the heiid oi' Lessons, and here designate 
IJmmu um Hopiit'Jitn Mf/tnrs, 

V\^. I n«pn»sonts an iineiont Egyptian pattern of a braid- 
«»d or woven mat on which the king stood. It is formed of 
flat HtrnndH of only two colors, each strand passing eontinu- 
o\»sly, in a dinp>nal direction, over two strands of different 
ct»lors, and tlicn under two. The portion of a strand pre- 
Ncntcd at onc^ view is rectangular, and twice as long as it is 
broad. All (lie lines in this iigure are diagonals, and should 
*-* 'Irawn without tlie aid of a ruler. The shaded strands 
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iu,iy be gouB over, first Jiglitly, witli India ink, and theoB 
with pencil. I 

Fig. 2 is anotlier Egyptian pattern of matting, in onlyfl 
two colors, Lilt presenting a view qnite different from Fig. 1. 1 
Here each light etrand passes continuously ovci* two darkv 
Btranda, and then under three dark strands. The darkfl 
strands may be considered as the loarjy, and are arrangu^S 
side by side, all running diagonally; and then the lighCfl 
strands, being i\\e Jillinr/, are woven iu diagonally, as etatcdyW 
at right angles to the warp. Patterns similar to Figs, 1 aniij 
2 may be formed of worsted of two colors. ■ 

Fig. 3 is the pattern of an Arabian pavement found atl 
Cairo, formed of black and of white marble, except the diag>9 
onal squares, which are of red tile. Go over the diagon^fl 
squares once, and t!ic rectangles twice, with a light tint offl 
India ink. The Arabians imitated the universal practice of9 
the Romans of covering the floors of their public buildiug^l 
mosques, etc., with mosaic patterns arranged on a geomo^B 
rical system. I 

Fig. -I is a decorative pattern, in different colors, from oafl 
ancient Egyptian tomb. It is supposed to have suggested* 
the meandei', or fret, to the Greeks. (See page of drawB 
ings.) The ruler may be used in this figure, after first indiifl 
eating the lines with the pencil alone. I 

Fig. 5 is an ancient Egyptian pattern, in different colS 
ors, from the painting on a tomb. In most of these Egyp« 
tian paintings the colors are as fresh as if put on yesterday."™ 

Fig, 6 is an octagonal pattern forming intermediate fig4 
ures of diagonal squares. The rnled lines furnish conveifrB 
ient guides for forming the width of the octagon border, ■ 

FigR. 7 and 8 are samples of mosaic patterns based upoi^j 
two of the forma of the central eight-pointed star figni-e, s(» 
common in specimens of Byzantine ornamental art. I 

Fig. 9 is another modification of the star figure in mosaic J 
here inclosed by an interlacing border, ■ 

Fig, 10 represents a portion of a mosaic pavement, in difS 

fercnt colors, from liie ruins of Pompeii, Observe that th(lB 

rnnning dotted shading is done very lightly, and with aU 

sharp pencil, in Figs. T, 8, and 9 ; but much more heavilY-,9-n^| 

\ with ft bltintpencilj in n portion O^^^^^^^^^^^^^B 
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Fig. 21 is a pattern of iuterlaeiog diagonal uet-work, ent i 
bracing diagonal squares that arc distinguished bj tlii'Ge i 
forms of shading or coloring. 

Fig. 22 represents an embroidered pattern broaght a fow 
years ago from the East Indies. Here the forms alone can 
be given, as the coloi-s can not be represented. In tlie oiig- 
inal pattern the four stars of each crass-sbaped fignre arc 
white or silver, on a black ground inclosed by a silver liiie; 
and the small dark squares aod tho straigbt lines connect- 
ing them are golden. 

Fig. 23 is the filling np of a mosaic pattern of Byzantine 
pavement. The numerous symmetrical figures that maybe I 
diacenied in it show both the intricacy and at the same time i 
the harmonious simplicity of the Byzantine style. By tho ] 
aid of the ruled paper similar patterns of almost endless v^ i 
riety may be designed. 

For fi-ee-hand droioiiig o»i(Ae<H(ifi6oari? takeFJgs. 13, 14, | 
15,16,17, and 18. They may be shaded slightly with cot i 
ored chalks, so as to make the intevlacings plain. 

I'AGE SIS. ' 

Fig, 24 is the simple generating form of the Grecian sin- ■ 
^a fret, or meander — a Kpecies of architectural ornament | 
consisting of one or more small projecting fillets, or rectan- 
gular bands, niuftlng, originally, in vertical and horizontal | 
directions only. Allhongh this ornament nas originated I 
by the Greeks, quite similar rudimentary forms of the fret I 
Lave been found among the Clunese and the Mexicans, Tho 
Arabians extended the Greek fi-et to diagonal and curved * 
interlacing bands; and the Moors afterward extended it to i 
that infinite variety of interlaced ornaments, formed by the 
intersection of equidistant diagonal lines, which are so con- 
spicuous a feature in tho ornamentation of the Alhambra. J 
In addition to the most important ofihc plane siirfaceGre- | 
cian frets, here given, and some of thcMoorish thai are best | 
adapted to drawing purposes, we have also shown several I 
of them in the second number of the Drawing Scries,in their] 
moi-e natural form in architecture, as solids. M 

Fig. 24 requires no directions lor drawing it. Fig. 1 1 , onj 
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beeu fonnd in the ruins of Pompeii. Tlie two bnuds com- ' 
posing the fret, which are here diiferenlly shiided, ivei-e of 
■white marble, formed of the same number of square pieces 
as ia designated by the ruling of the paper; and the inters 
mediate Bpaces, hei-e left nnshaded, were of black marble. 

Fig. 32 is an interlacJDg double fi-et with panels. 

Fig. 33 is a double fret with panels, but ia not intcrlaciud^ 
Take away the panels, and the frets are doubly backed upon 
one another. 

Fig. 34 U an interlacing double fret, formed of distinci 
portions connected by a rectangular link. 

Fig. 35 is a diagonal and horizontal interlacing doublj 
fret ; and, as its form shows, is not Grecian. It is of Mo( 
ish origin, and is one of the nnmeroiis kinds of complicated 
frets, painted in various colors, aud on variously colored 
grounds, ou panels of the walls of temples. 

Fig, 80 is an interlacing double fret, also of Moorish ori- 
gin- 

For free-hand blackboard exercises take Figs.2S, 29, 3 (, ana 
36. They may be shaded lightly. 

PAGE SEVEN. 

Figs. 37 and 38 are borders of fret- work, formed a 
Mooriali and Arabian patterns. 

Fig. 3D is an Arabian patteiii of a mosaic pavement, witi 
some of the smaller subdivisions omitted. The pecnliu 
star-form of ornamentation here shown, which is ofByzaa 
tine origin, was also used by the Arabians, 

Fig. 40 is a diagonal double fret, which has been slightM 
varied from an Arabian pattern to fit it to our puipose. 
copying it, either one of the bands shouid first bo ligbtll 
traced thi'oughout 

Fig. 41 consists of two Jbiir-poin ted stars interlacing, so !ii 
to show an cight-niyed or eight-pointed star. In drawing 
it, first t.ike the centre, c, then the four inner vertical and 
horizontal points marked S, then the four inner diagonal 
points marked 2. Also take the eight ray points in .i sim-, 
ilar manner. Trace lines very faintly from the outer to lb< 
inner points; then trace an inner set of linos equidistai' 
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IK. CURVED LINES AND PLANE SURFACES. 

PAGE EIGHT. 

A curved line is one which is contioually changing iis di- 
rection. If the carve be unitbiin, it forms pavt of the cir- j 
cumference of a circle. 

A circle is s. plane bounded by a single curved line called a 
its circumference, every part of which it, equally distant I 
from a poiot within it called the ce7iire. The circumference I 
itself is usually called a circle. A straight line drawn from \ 
the centre lo any part of the circumference is called a r 
divs. 

Fig, 1. At -i are six uniform carves of five spaces' span , 
{fivein(;hes),andadepthofone space; and at Fig. 1 this curve ' 
forms part of a perfect circle. At a and b the directions 
of the curves are changed; but all combined form a harmo- 
nious and equally balanced figure, because the additions a 
and b arc uniform in poeitioa and curvature. These figures 
should be drawn with 'the compasses, using the pencil to 
make the connections of the curves uniform. Let the pupil 
find the centres from which the curveg a and b are struck. 

Fig. 2 is formed of the same pattern curve used in difier- 
fut positions, but all combined to form a harmonious figare. 
If either of the half curves, c or d, wore omitted, or changed 
in position, the harmony of the figure would be destroyed. 
At il'the same form of curve is used. Let the pupil find the 
centres from which the cur\-es are struck. . , 

Fig. 3 is also aharmoniousfigure, described wholly by the ' 
compasses ; but the inner border lines from e to A and from 
g to f are described with a less radius than that used for 
the other curves. The curves e i and g i are, each, only half 
of the pattern curve, and are described from the points I 
and 2. 

Fig. 4. At J3 is another pattern curve representing a span 
of six inches and a depth of one inch, described from the j 
centre c, with a radius of five inches. In the shaded four- J 
angled figure the pattern curve is used in four different p 
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ctrnvnD LINES and plane btjrfaces, 

ehall Lave a figure of harmonious form, whether a x be tin 
most graceful line, by itself, that could be drawn, or not. 
But if « X should be di-awn of the most graceful form po 
eible, and a y just aa graceful in itself, but differing from 
X, the combination of the two graceful forms would be dii 
cordant, and make an inharmonious figure, because waiitiiij 
in symmetry of parts. 

Having, therefore, a x, we designate in it any nnniber of 
points in which it crosses either the hoi-izontal or vertical 
lines of the paper. Let 1, 2, S, 4, and 5 be these points. 
Then dot, lightly, the corresponding points 1, 2, 3, 4, 5 on th&, 
other side of a b, and through them trace the curve, at fii 
lightly, and afterward fill it ont to coirespond with the lii 
a X. The figure is thus made perfectly eymmelrieal. The 
top of the figure may be either pointed or circular; and the 
bell may be longer, or narrower, or bi'oadei", or 
of a great variety of suitable proportions; yet if the two 
sidea are alike, the figure will not be unpleasant to the eye,, 
The two inner dotted curves give different pi-opoitiona 
the bell, while the base remains the same. 

Fig. II represents the harmonious outlines of a leaf form. 
Observe that the border lines of the leaf pass through the 
points 1, 3, 3, 4, 5, on each side of the central line c d, cor- 
responding to one other. Thus the points 1 are, cHch, one 
epace from the central line ; the points i?, each two spaces 
the points S, each three spaces, etc. In this manner the two 
aides of the leaf are made poi-fectly symmetrical. The radi- 
ations of the veins from the midrib of the leaf are also sym- 
metrical. 

Fig. 12 is another form of leaf, aud although very diffei 
ent from Fig.ll is equally harmonious in proportions, 
pupil should now have no difiiculty in copying it accnrateljl 
on the ruled paper. 

Fig. 13. Here is a group of eight uniform leaves, uniform- 
ly radiating from a common centre. The four points 
«, ff, are, each, four spaces from the centre, and on lines at 
right angles with one another. Hence these four points are 
symmetrically arranged. The other four points, fi, rf,/, 
ar« in the diagonals, which are intermediate between tl 
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other lines, and are, each, at ths distance of three diagonals 
from the centre, a trifle greater than the distance of the 
other four points, bnt snfEciently accurate to give the figure 
all the Bymmetry i-equired. Then each leaf must be drawn 
by hand. At J) the method of beginning the drawing is 
Bhown ; at -S it is carried still farther forward ; and in Fig, 
13 it is completed. 



PROBLEUS TOR F 

1. Draw Fig. I, and draw wiihin it a curved line ono eyace distant froi 
tlie onter border line. 

2. Draw Fig. 2 in the BBma manner. 
8. Draw I' with an outer border line ono space disiant from the it 

border line, and tint the space between the two. 

i. Draw Fig. 3 inverted, with tbe npper part downward. 

6. Draw the upper part of Fig. 5 on each of tha four sides of the sqna 
H, so that it thnll project in four directions from the centi'al sqnare. 

6. DrawFig. lOof tbe Enme length as at present, but with a baiie, z jf, oEl 
ten space,'^ 

7. DrawFig. 11 eigbC spaces hrond al 
S. DrawFig. 12 four spaces broader than in the booh, and give to tho fig-S 

are a graceful curve throughout. 

Slackioard Exercises. — Figs. 1 to 3 inclusive. For thesfl 
a pair of chalk-ci'ayon compasses will be needed. See 6' 
rections, page 49. 

PAGE NINE. 

Fig. 14. The circle here drawn from tbe centre c hM'f 
longitadinal diviaionB, by pure curves drawn from differt 
points ou the central vertical line. 

Fig. 15. The irregular curve on the left of the central li 
a b had first to be drawn by tho eye — the design being to ? 
form a graceful, well-proportioned curve. Its counterpart, 
on tho other side of tho line, iB to be drawn in the manner 
directed for drawing the preceding figures, 10, 11, and 12. 

Fig. 16 is Fig. 15 completed in outline ; the two portions 
on each side of the central line a b being made symmetrical. 

Fig. 17, the completed form, is a portion of a Pompeian 
border ornament, painted in yellow on a black gronnd. The 
central figure is proportioned symmetrically also. Tho . 
^hole is, doubtless, of Greek origin. 
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Figs. 18 and 19 aro symmetncally formed leaves, the 
drawing of which now reciuires do farther explanation. Ob- 
serve how perfectly the oue side corresponda to the other, 
and how easy it ia to draw snch forms on the ruled paper. 

Fig. 20, a common form of Grecian conventional leaf or- 
nameatatioD, ia arranged eym metric ally on each eide of a 
vertical central line. 

Fig. 21, a conventional leaf form of ornamentation, can 
now be easily drawn. 

Fig. 22, also a leaf form, ia (or should be) equally bal- 
anced on each side of the line a b. Observe that the points 
c and d are at equal distances, horizontally, from the line a 
b; eo also the pointseand/,andpand/i/ and each leaf di- 
vigion OD one aide must have a corresponding division on 
the other side. 

Fig. 23, a Grecian pattern, shows oue of the many forms 
of conventional leafage found on Grecian vasca. The leaf 
forms which the Greeks (and all the ancients) used in their 
ornamentation were far removed from any natural typesj 
and while they are constructed on the general principles 
which reign in all plants, they never attempt to represent 
any particular species. The moderns, departing from the 
true principles of ornamentation which prevail in ancient 
art, attempt to give representations of real leaves, floweraj 
etc., being even guilty of the anomaly of sculpturing the | 
most delicate flowers in stone I | 

Observe that the two portions of each pattern figure are 
arranged, symmetrically, on each side of a central line (as a 
c), which equally divides not only the inclosing border, but 
the symmetrical group of leaves also. Therefore one half of 
each group is first to be drawn, and then the other half is to 
be made to con-espond to it, as shown in preceding figures. 
The pupils should trace the leaf forms very lightly at first. 

Fig. 24 is the form of a Grecian ornament, painted in gold 
on a blue ground, on n sunken panel of the ceiling of a Gre- 
cian temple. Here, also, it will be observed, the leafage is 
purely conventional in form, and not designed to represent 
any particular group in nature. 

The pattern Is arranged symmetrically around ilic centre ft 
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."i.^-:_'4 ._•: .r,f,«rr '. ilirt'rr -ection. observe :hat :ae poinrs 
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»rr. .ut '.r 'Le <t;iiiu: -vidili ua ac preswot. 

Blackboarti Excrf:i»ta. — Fii^s. 10,1^,19, 20, 2 1 , and 22. 

I' AGE TEN. 

All ^ht fiat terns on this pai^e are plain Lxamples of what 
is '-alhfd lUnaiisiiance omamtnt ; \)y wLicii is undei'stood 
Uii; rtylc 'if ornamentation which sprung up in Italy upon 
rU: iT:v ivai ot" ;irt alter the Dark Ai^e». i:?ee page 41. ). Tlie 
«*x:iiiipi(!5; ill.* re '^iven are from beautiful colored specimens 
of 'glazed pottery of the sixteenth century. 

Ki'/. 2r,. In copying this pattern the outlines should first 
bo drawn lightly, as fihown at A. First draw a single-line 
outline of all the figures in the pattern, making each figure 
«*yrn?rK'trirai on oach side of its central line; tlien finish the 
two-:inr? \tori\or of oa<;h figure. Tlie minor divisions of each 
fi'/mv- r'un ilifn ^afiiiv be <lrawn. 

l''I'/. j<;. T]\f' outlines of this fiixure arc to be drawn bv 
th*"' <"omf>n«cpfl. ns «*hown at B, Tlius, the points a ai*e the 
oonw-^ of -lie -ifmirircles which make up the general outline 

Kl'/. .i^,. Ill this pattern the outer semicircle of each fig- 
ure i« 'Imwn from the centre a, with a radius of five spaces; 
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and the inner and emaller curves ave described from the 
points*, c,rf, etc. 

Fig. 28. While the lower portion of this bulb pattern ia to 
be drawn with the compasses, they can afford no aid in 
drawing the upper portion. The outlines of the central 
row of bulbs are first to be drawn of uniform curves on 
both aides, for whiuh the ruling will be a perfect guide. 



\ FOE PEACTICE. 
I. Draw nnd Blmde Fig. 25 in full, afier tbe enlargfid oi 

■ig. 2G, a 
!S the si 
siia? 

3. Dmivan □ntlineofonoof ihc BeriesinFig. ST, fnnr times its present size. 

4. Draw Fig. 'iS lengthwise nf ihe [inper, aud fuiir limes ilB present size. 

Blackboard ExercUen. — Tim bulb-pattern Fig., and Fig. 
25, enlarged as at D. 

PAGE ELEVEN. 

Fig. 20 is a Grecian pattern of a painting on vases. It ia 
still another example of conventional flower representation, 
in which only the general principle of the pendnloua flower- 
bud ia retained. It is drawn with the greatest regard to 
symmetry. The right-hand portion, left partly unshaded, 
shows bow tbe forms of the pendnloua buds are drawn sym- 
metrically, and of uniform size. 

Fig. 30 is a Byzantine interlaced circular pattern, sculp- 
tured in stone, from Milan, Italy. It ia very easily drawn, 
almost wholly by tbe compaasea. Trace the whole very 
lightly at 6rst. The light is supposed to corue diagonally 
from above, from the right hand. 

Fig. 31 is a copy of one of tbe Assyrian painted or namenta 
found among the ruins of Nineveh, The central cireles, a 
(see tbe end marked £), were black; the inclosing ring, S, 
dark reddish brown ; the winding band, c, orange ; and the 
other winding band, rf, blue; while tbe spaces witbin the 
bordem, ontside of tbo winding bands, had a groundwork 
of reddish brown. The blue winding band was separated 
from the orange, wherever they were contiguous, by a black 
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liae. Thus the ancient Asajrrians tinderstood the now ad- 
DihtGd principle that one color should never impinge npon 
another, and that all contiguous colors should be separated, 
generally by either white or black lines. The entire pattern 
may be easily and accurately drawn by the compaasea^v 
The same pattern is also found differently lined and colored,.! 
somewhat as ehown at the end marked C. 

Fig. 32 is a Byzantine pattern of interlaced omament, to 
be drawn wholly by the compasses. The central points 
from which the several circles and semicircles are described 
can easily be found by the pupil. 

Fig. 33 is a partially completed pattern, showing the meth- 
od of putting in a series of uniform divisions that radiate 
from the centre of a circle. The circle is easily divided into . 
eiffhi equal parts by lines I'adiating from the centre on tfao J 
vertical, horizontal, and diagonal lines, as indicated by thefl 
lettering. Each eighth of the circumference is then to bal 
divided into three equal parts by the conipassea, and the 
opposite points in the circumference arc connected by slight- 
ly traced or dotted lines passing through the centra The 
bases of the radiating white stars can then be designated 
with sufficient accuracy by the eye, as the points to which I 
the sides of the stars are to be drawn, on the second circle, J 
are intermediate between the radiating dotted lines. Fig- | 
ures similar to this are numerous in ancient ornamental ark, J 

Fig. 34 is a Byzantine pattern of interlacing circlea.,.1 
ThoDgh seemingly intricate, it is quite easily drawn, and ~ 
wholly by the compasses. It wonld, however, be impossi- 
ble to draw it with any approach to accuracy without the 
aid of the ruled paper; and there can be no doubt that it 
was originally drawn on a ground prepared with lines Buch 
as those we have given. The ruling gives the exact centre' J 
of every circle, and renders all measuring unnecessary. Ob- i 
Rcrvc that the heavy shadows indicate that the light comes I 
from above, and from the left. The background may ba I 
shaded with a uniform tint of India ink, or by the pencil, I 
as indicated in the tipper left-hand portion. J 

Fig, 35 is also a Byzantine interlaced ornament, a consid- I 
erable portion of which may he drawn by the compaBsea, J 
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Tlius tbe three circular bands, and the projections o 
terlitcing loops as described from the vertical, horizontal, 
aod diagonal centres a, a, a, etc, are all easily and accurate- 
ly drawn. The connecting and interlacing of the loops cen- 
trally must be done by hand, guided by the eye alone ; 
after having drawn one of the connections, as from b to d, 
the others may be drawn in symmetrical conformity to it. 
Observe how the shadows are cast, the light coming diag- 
onally from the left, and from above. 



PEOBLEMS FOK r 

1. Draw Q pattern similar to Fig. ?9, but let the setnicirculftr black line, 
fiom the end of n'hii:h the flotver-bud ia suspended, be drawn w 
of /our spaces, inEteud of three ; and let the fiower-bud be two spaces longer 
and one space brooder at the broadest part. i 

2. Draw a pattern similar to Fig. 81, but describe the larger circles with 4 
a radius one space greater than in the Sgare. 

3. Draw a. pattern Birailar to Fig. 83, but desDribe the outer circle wili "] 
a radius of oigbt spftces, and divide each eighth part of tite circumference 
into/wBr equal pans, instead of three, thus giving to each eighth part oi 
ray more than in the figure. 

4. Draw 'Fig. 34 on a larger scale, having the radius of the larger circles 
six spaces, instead of five. J 

6. Draw Fig. 3S on a larger scale, at the option of the pupiL I 

Blaekhoard Meereise. — So much of Fig, 35 as there M J 

room for on the board. It would require a board four feet I 

square to draw it in accordance with the enlarged mling-l 

of the board, I 

PAGE TWELVE. 1 

We have given on this page a number of original designs) I 

for the purpose of indicating the facility with which an in^ I 

mense variety of very pleasing patterns may be drawn al- 1 

most wholly by the compasses alone. I 

Fig. 36 is an ornamental figure called a quarter/oil, in- I 

closed within a circle. The quartcrfoil, often used in archi- I 

lecture, is disposed in four segments of circles, and is a con- I 

veiitionttl representation of an expanded Sower of four pe- I 

tals. The lettering shows with what ease and accuracy it I 

ia drawn on tlie ruled paper. I 

Fig. 37 is an ornamental fignre consisting of eight seg^^ 
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ments of circles, described from the eight Dnmbered points | 
which are at the extremities of the dotted vertiecd, horizor^i 
tal, and diagonal lines. After drawing these dotted lines, 1 
of indefinite extent, but all passing through the centre e^ J 
equidistant points in all of them, for deecribiiig the se^ 1 
ments, may be found by cutting the lines with the eircuRfi 
ference of a circl^ described from the centre c. From the "l 
points 1, 2, S, 4, etc-i the segments are described with a I 
length of radius that will barely allow the inner segments 4 
of circles to touch one another. | 

Fig. 38, The flegments of circles are here di-awn ia a, I 
manner similar to those shown in Fig. 37; and then these I 
segments are connected by ribs passing through the centre, 1 
The intervening spaces are then shaded, so as to give the J 
filling -up a raised and rounded appearance, the heaviest \ 
shades being found on the lower right-hand portions — the \ 
light being indicated by the arrow A as coming diagonally I 
from the left hand, and from above. The spaces covered \ 
by the heavy dark shade on the outside borders of the fig- j 
Tire — the heaviest at the i-ight and beJow — are marked oat I 
accurately by the compasses, by moving the fixed point of I 
the compasses nuiforra distances, diagonally, from the cen- I 
tres 1 to the points 2. By looking at the figure through a | 
tabular opening, it will seem to stand out from the paper as I 
if embossed upon it — in relief. I 

Fig. 39 is similar in its border outlines to Fig, 38 ; and I 
all of it, with the exception of the central portion, may be | 
easily and accurately drawn, and mostly shaded, by the j 
compasses alone. To draw the central figure accurately, I 
first trace out lightly, in the space which it covers, the ver- 
ticai, horizontal, and diagonal lines, after which the raised 
wedge-shaped oval figures may be drawn in between 
these lini'S by hand. Observe how the heavy shadows are 
Ibrmed. 

Pig. 40, drawn on the same general plan as the preceding I 

two figures, requires no additional explanation. The shaded I 

cross-ribs are easily drawn after making the raised circles J 

of uniform size around their given central points. As these | 

I central points are determined by the tint lines on the draw- J 
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ing-paper, the whole figure may lie drawn with the grcatea^ 
ease and aucuracy. 

Fig, 41 is a pattern of seeming intricacy, but very easily 
drawn, and planned on the same general principlea as the 
preceding figures on the same page. Every thing is drawn 
by the compasses from points indicated by the ruling of tbe 
paper, except the raised wedge-shaped ovals, that look as if 
embossed. 

Fig, 42 is an inlerlaeed pattern, drawn wholly by the com- 
passes, with the exception of the central figure. The figures 
J, 2, 3, 4, etc., show the eight central points from which the 
interlacing curves are described, 

blackboard Sxercises, — Figures 41 and 42, omitting the 
central eight-leaf flower patteiiis. 

Pago 12 of this book illustrates, very happily, the great 
advantage which the ruled paper affords for drawing curvi- 
linear patterns. It would be next to an impossibility to 
draw theso designs with accuracy without this aid ; but 
with this raling, this kind of drawing, which is used to a 
great extent in all tbe decorative arts, becomes a very sim- 
ple matter, easy of attainment by all who can describo || 
circle by the aid of the compaasea. 
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CABINET PEBSPECTITE— PLAXE SOLU>a,| 

The C{Amet P«r»peetive presented in this series b 
od of representiog aolida, hoih. place uwi corvilinei 
ancfa a manner tliat the dravin^ ^haU give, by the a 
the raled paper, the correct meascreinents of the objects 
represented. The roIiDg on the paper is adapted to any 
scale of laeaaareraent; bat, for the purposes of the present 
illnstratioD, let it be supposed that the vertical and hori 
tal lines on the paper are respectively one inch apart. 

Id all drawings in what is called Hiagemal Cahinti Arvf 
uptfUne^ objects are sapposed to be viewed in 
similar to that in which the two cabcsf in Fig. 1, on page 1 
of Prawing-Book No. II., are represented Taking the chIm 
at B for illustration, this may be eapposed to be a cabe « 
inches lu^iinrc, the front face of which is in a vertical | 
tion. The t-jicctator is supposed to view this cube f 
such a point, above and at the right of the cube, t' 
nay see just as much of the appcr side of thecohe as oft! 
right-hand side; so that the apparent width, 10 9 of t' 
upper face, or 12 of the side face, shall measure, in t 
directions indicated, ono half the width of the front face'^ 
and so that the diagonal corner lines, 1 3,3 4, and S 6, wUl' j 
ntcm to rise dLigonally at an angle of forty-five degreeaj? 
wtiilo the distance from which tho view is taken is supposed 

* Thtra I* A boHiulfiil pni<^tirn] Rpjilicntinn of CRbinst FerspecliTe, culled 
Bttnl-dingvnnl t'nbinel I'ompeclive. which wilt be fijund illustrated on pages 
11-11 nt DninltiK-Iloiik N'o, IV. Kco pnge 1TI. 

1 A fair it a rritiilur "uild bdilv. Iiiiviiif; nix e'luid si^nars sides. 
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to be BO great that these lines will appear to be, aa they are 
htre drawn, parallel. 

The front face of the cube is drawn in its i-eal pvoportiona 
as a sqaare, and as though it were seen, in a vertical plane 
directly fronting the Bpectator. According to the scale 
supposed to be adopted in the ruling, the fi-ont of the cube 
measures sis inches to a side. Tlie I'arther face of the cube, 
being also vertical and parallel with the front face, and 
therefore in a plane also directly fronting the spectator, 
ivould also be drawn aa a sqiiare if it could all be seen, meas- 
uring six inches to a side. Hence each of the lines 2 4 !>nd 
4 measure six inches, the same &al3 and 3 5. 

But each of the diagonal lines 1 2, S 4% and S G, being 
comer lines of the cube, must also represent a measure of 
six inches ; and as each of these lines extends over three di- 
agonala of the small squares, it follows that what ws call 
one diagonal space moasurea twice as much as a vertical or 
a horizontal space, loAeneuer this diagonal space is applied to 
the measurement of a line representing a horizontal line. 
We may, therefore, adopt the following rule for the meas- 
urement (and also for the drawing) of all objects in diag- 
onal cabinet perspective. 

ELEMENTARY EULE. 

Drawings of surfaces that are mj^osed to be in a vertical 
plane fronting the spectator are meoMirdble, in any direc- 
tion, according to the scale adopted for the vertical a?td hor- 
izontal spaces of tlie ruling; while each diagonal space 
that measures a line in a horizontal and diagonal position is 
to be taken as twice t/te measure of a space of the other kind. 

Applying this rule to the cube atU, Fig. l,we find that 
all the horizontal lines, and also all the vertical lines that 
cross the front face of the cnbe, nieasare each six inches in 
length, bccanse each extends over just six of the ruled 
spaces, and all are in a vertical plane fronting the spectator. 
For a similar reason each one of the vei'tical lines on the 
right-hand side of the cube, and each one of the horizontal 
lines on the top of the cube, measures six inches, ' 
each may be supposed to lie in a plane like the 
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torOM the (Vont fiinit of tbe rub« — directly froolin^ the s_ 
taior. Bnt sm^ti liiwr* a« I 2,3 ^5 6, S 9, 70 li, and 12 J 
bH»5T B<*i>n oSttytidy, can not b« in auT plane ironting t 
tpKKtiUir; an<) a« tlie^ !ie in a dii^onai (UrecQon, and r 
mrat hnrixnntal IinM, th«j are measarable bv Um j 
oipl« aHf^ptptl in the lAtt«r part of the nil?. Hence tlie li 
/t b m«Mnri-8 fivB incbe«; e tt foar inches; y IS fonr h 
m n fix inehet : but 8 9 meamres six inches; 10 11 n 
«iir» four intihca; IS IS meaiiiires foar inches, etc, 
(■abe at A nwa»nrw l«ro inches on each of its cornen. 

Vi^.l. Applying the ornileofitipaanreraent which we b»T»" 
aHoplr-'l to the representation of the cube at 7J, Rg. 2, wo 
fin<l that llie tVont face of the cube i^t a nqnare of fbnr ioches 
lo a side ; an'l that the diagonal horizontal distance 1 ByO 
if i,nr li 0, also measures fonr inches. Also, if we draw bk 
trrmHiate lines between the mled lines on the paper, t 
th« nppor fn47« and rigbl-hand face of the cube, so as to givv-l 
on»tnch diaf^onal measures, then sixteen oue-incb sqau 
mny be connte'l on nach of tbo three visible faces o 
ftf the cube. We thua have, according to the scale of o 
inch to a space horixontally or vertically between ihu lincs^ J 
And ftoo inches for a diagonal space, the exact measaremeolt J 
of tlifl three visible sides of the cube. 

Toflnd [h«ront(mt»ofii i-iil>et 

Hvi,it.—MrtUipiy the Ungth of a side of the cube by ilse_ 
and chat product again by a side, and this last product «-3 
fflm the eontmt* required. (See Rale L, page 53, foi- t&el 
mPAsnremont of surfaces.) 

Thns, in the cube at 7), Fijf. 2, if we multiply the lengtll ' 
(/ S) of onf> ttidp, which is four inches, by the length (5 4) 
of ftnother side, which is nUo four inches, we get the prod- 
uct 16, which is the number of solid cubic inches contain- 
ed in the ripper ti('r of the cube — as may also be seen by 
counting thorn; and as there arc four of these tiers, we mul- 
tiply thei 1 (1 by i, and get 04, Iho number of cabic inches in 
the four liprs, or In iho whole cube. Or, 4x4x4=04 cubic 
inches. 

One rubio inch is represented at C, which, accordin 
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the scale we have adopted for pago 1, measures one ioeh ti 
each of its sides; and at Eave sixteen cubic iuchcs, equal | 
to the npper tier in I). 

Id straight-line drawings in cabinet perspective, the ruler 
may be used wherever its aid will give additional accni-acy 
to the drawing. 

The contents of the cube 2i, Fig. 1, which measures six 
iuebea to a side, are found by the rule to be as follows. 

Ans. 6x6x6=210 cubic inches. 

Tlie drawing at S, Fig. 2, is an example of a parallelopi- 
ped; a figure which is defined as being a solid whose facea 
are sis rectangles,* the opposite faces being parallel, and 
eqii.il to each other. The drawing atT^also represents a 
paraflelopiped. All sqiiaiTS are parallelopipeds; but all 
parallclopipeds are not squares. 

To End the conienlsofa rectangolar (rigb ['Bugled) pantllelopiped : 

Rule, — Multiply the length by the breadth, and thatpro^ j 
tict by the depth, and this last product will give the contents 
required. I 

The height of the rectangular solid at JF, Fig. 2, is one 
inch ; the breadth in one direction {1 3) is four inches ; and 
the breadth in the other direction {3 J,) ia also four inches. 
What are the contents? Ans. 1x4x4=16 cubic inches, 
as may be verified by counting the small one-inch cubes 
which it contains. 

The length (or height) of the solid .it if is three inches; , 
the breadth or width is live inches ; and the diagonal depth 
is two inches. What are the contents? 

Ana. 3x5x2=30 cubic incbea. 

The two rules just given may be combined in one, as fol- 
lows: 

To lind ihe contents ofaoj solid reclanealar Hgure : 

Rci.K, — Multiply the three dimensions together, and tlieir 
product iciU be the contents required. 

Fig, 3, At G,II, I, anA J ave represented four parallelo- 

* In a siriri deBnition the tides need not, necesitaritj, bo rectnnguUr j 
(rigbt'Sngled) ; but it ii better, at present, fiir the pupil in drawing tt 
Eider all paratlclopipeils oi of tlie rectangiilnr kind. 
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Bda, n>d twdre ibcIk 
aretiw lolid cootcftUof «adi? Aas.4S 

Oburre that, according to the acale of n 
ready esplaioed, tlt«ae pieees naaan preeiseTj- the mBe Id 
tbe»e three dittennt posiUoos. 

fig, 4, AecordiDg to the definidoo of a paraltelopiped, 
thia Ugan, also, is one of that kind. What are its meaa- 
nretncnta, and its contents ? 

Obserrc that the ligbt-baDd sides of the foregoing figures 
are reprewnted as shaded with a deep tint of India ink, the 
front with a lighter tint, and the top of Yig. i with the nukr . 
ning dotted shading. The kinds of shading used in Fig. 4« 
are well adapted to all plane solids, as the object of shad- 1 
ing, in cahinet perspective, ia to render the several sor&ce* I 
as marked and distinct as possible, one from another. M 

Fig. S Ih a square frarae composed of four pieces, each two^l 
inches square; the two diagonal side-pieces each twelve fl 
inch<!s long, and the other two each eight inches loi^a 
What is tlio siy-e of the square which they indose? 'M 

Fig. 0. I^t the pupil describe Fig. e — tliat is, tell hoiM 
many pieces compose the figure, their size, position, etc. " 

Fig. 7 JM drawn, first, in the same manner as G^ of Fig. 3; 
H U then divided so as to represent cubical blocks, each two 
inuhes square, plucod one above another. Three of these 
blocks ai'o reprusented as shaded with the hatching d&- _ 
norlbud in Lesson IX. of Drawing -Book No. I., after first 1 
tinting the siirfuce with India ink. ^ 

Fig. 8 is cnmposcd of two vertical blocks, each two inches 
square and Hvo inches long, resting upon the ends of apiece 
ono inch by two inches, and twelve inches long; the latter 
lioing viuwuil diagonally. . 

Fig. is the same as No, 8 inverted, and still viewed di- | 
n^onnUy. I 

Fig.loiitaU»l.hc KnmuusFig.S; but it is here viewed hoii* J 
HOiilally, Tlius tliu same tiguru may be roprescnted in several I 
dlllbrunt positions, so ns to bring each side into full view. I 
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In tbese several figures observe the cflect of the shading, 
which in rapidly executed with different tints of India ink, 
except the upper smfaces, which have the nioning dot-line 
fihading. 



FOR PR4CnCE. 

1 . Draw the representation of a square frame siniilar to Fig. .1, of t 
gawQ outside and inside measnre asFig. n, bnt compoiiedof jiiecesouly o 
incli thick iosteud uf two inches ; and all of ihem two inches wide. 

2. Draw a figure aimihir to Fig. S, but let the upper pieces Le only cr 
iacb thick (or high), and let them project each ctie inch at both ends bor j 
jond the lower pieces. 

3. Draw a figure eimilar to Fig. 7 in position, but four inches wide and | 
two inches tbick — Che wida side being in front. 

4. Draw aiignre similarin position 10 Fig.S, but composed ofthreepiec«v I 
ear/i twelve inches long, fbnr inches wide, and one inch thick. 

6. DiTin' Fig. with the side in a plane fronting tbe Epeclator. 



M-ec-handMackhoardSkeercises. — Figs. 5 to 10 inclusive — • 
lotting a space oo the blackboard repreRent ite time miias- 
ui-e, two inches. In this case only one half of a diagonal 
measure will be required for a distance of two inchea. In 
order to render the se^-eral surfaces distinct one froi 
other, the dark shades may be represented by heavy vei^ J 
tical chalk lines, and the lighter shades by very light ver- ' 
tical lines. Or, whei'e colored chalk crayons are accessible, 
the dark shades may be represented by blue lines. 

Fig. II, in its complete outline, is a cube eight inches 
square, having a small cube two inches square cut from 
each of its four nppor corners. See the form of the entire 
cube, as represented by the dotted lines. What wei'e the 
contents of the entire cube? What the contents after the 
four comers were taken out. 

Fig. 12 is a cube twelve inches square, having a piece eight | 
inches square and two inches thick taken from the centw 
cachof its three visible sides. What were the contents of the ] 
entire cube before the three pieces were taken out ? WhsJ 
were the contents afler these pieces were taken out? 
the pupil be careful, in drawing the iignre, that his n 
shall be correct. Thus, tlie deptli, of the recess in eadd 
mast measure two inches. Thus c d and m n are i 



o' rv.-', .-.'•t-s r:i;:r:;: r^Ld 'i 0. \^\n!Z one -a 

j- '/. .' : .■J:*;*<r^rf;'- -i r';':*-ii.T'--ir imme measaiinz ten bv 
rvir'Ttf': . ■.•.■:^. .»:.:: ■-.',r:ii,o-'=:*i •:: Tii-rce* t~o inches sqnaze 
:.:::/.-«- J r-, •.'.'rrii : .vo .'.jvlja =mare and len inches ions. 

J-j?*" '-". 'r-.'. *...f: :*.L ':±fccr ':i :iie nznrss oa tbis t-age, 
■..«:«' ■...*-'.'. :.',.7i li i.oinr ci'. :he rlznt. £^d :.bove thenu 
'. ;. ."y ; '.' '. V . •: ' , r #'.- l : :. '/ : o rnitd l» 7 t Le tan ia. 1 y c 1 osed hand. 
'"/;«: |. .f,.. ^.'.<,j.d i'.': acc'Jiitonurd to view ilia drawuis2ss in 

.'::o;iLZir3 foe practice. 
!yrtw •■; *."i.^:.-»; -..Vi.ur :o FIz. 11. bat rs-pive inches ^'iiiare. oaTing a 



''.**p-'Y « i/r .■'.•■• «r> >/;'iar«! ':'it rrr:m e&cd of irs roar cprer comers. 

V."::i» w.'/:*j f^ ••.<; r'^ntents ot the encxre cntje? What the contents auer 
•,;•♦ *',ir ",. fj»:rij v.<;r«! ruken out? 

:. : i^^.w ^ lir^jr*: -irftiiir to r i:r. L::. L'lt f-.aneen inehes «<iaare. and shovr- 
. ., ^ •! "•isfijnilar ;..«:<:fi :f:n im.hes ='iuare and fuur inches in rhu-Lr t***. cnt 
*,"/m 'Ji'? '■«'»ii.r«f «;ti;:jrh ot"i'-» thre^ v;-;ible =idea. 

Vi'h.tt •vonlti li<; thij rontcnt^ 01' the entire cube? What the contents after 
t!i<* ilim*! r'frtMnjfular pi«*'^s wijre taken oat. 

:{. I>r:iw a fi^jtiH! ^imiliir in ull respects to Fis. 1:5, except that the ibnr 
j,';r;/'r)t:!l ;,!<;"•:*« of T!.»f f.ame-work ure tu i.e i.niy i.-ne incii in ve:;ic:'.l 
?l:i''!.rip^s. 

J'W.r"hninl Jihtf'khoard KiiercUei. — Figs. 11, 12, and 13; 
\i\^Q t.li(f jiccfJinpanying problems. 

i'Ar;K T'.vo. -SCALE (jf one IXCII TO A SrACE. 

I''l". W n?i>ro«onts a cnhe eight inches square; and Fig. 
15 rcM)n'«ont3 a box Ibrmed of one-inch stuff, open at the top, 
and of a sizn that will just receive the cube; so thatthu lat- 
ter \vh<^n placed within the box, shall fill it even with ilio 
top. At A ifl the cover that will just fit the top of the box. 

What is iIk"^ "^'y^'^ of the cover? Of the side ^of ihe box? 
()^ t.hn sifhrfi'^' ^' '^ Of the bottom of the box? TVlicit aro 
the. oiifsich; in^n^^nrfs of the box when the cover is on it? 

V\'f 10 p'r,r<''!=^<'*i>^'^ ^ sorifs of five blocks placed one upon 
MMolhr-r, 'A\A risin'jc in the form of stairs. The upiight piece 

in ;i si:ib' (ms a) '\^ ^^^^^*^ ^^^' ^'•'•'^'"'' ^"'^ ^^^ ^^^'^ ^" which 
llu' fool i, pl^r-Kl (hh h) is called the treml In Fig. 16 the 
BtairH are so plar-.^l tlmt tlic risers front the spectator; but 



I 
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Fig. li the side of the stairway fronts the spectator, and 
the riser is viewed diagonally. Fig. 17 measures the same 
as Fig. 1 6, with the exception that in Fig, 1 7 the lower block 
is omitted. 

If these two figures are supposed to be drawn to a scale 
of fonr inches to a space, what will be the height of each 
riser, and the width of each tread? What the width of the 
atiurway ? 

Fig. 18 represents a cabinet frame-work formed of piece! 
two inches sqaare at the ends ; the whole frame meai 
ten inches by twenty-six. Here the longest side fronts the 
spectator ; but in Fig. 19 the game frame-work is represent- 
ed with the end fronting the spectator. Observe that the 
end below c d of Fig. 18, which is there seen diagonally, is 
not seen at all in Fig, IS ; and that the end below a b of Fig. 
19 is not seen at all in Fig. 18. Let the pupil describe thi< 
se-pral pieces of which the frame-ivork is composed. 

Fig. 20 represents a cross made of pieces measuring, i 
the ends, two by three inches. 

Fig. Dl represents a cabinet square made of one-by-two^ 
inch stuff, and placed horiKoutally; but, as the spectator is 
supposed to be above and to the right of it, one of the arms 
seems to rise at an angle of forty-five degrees — being in the 
diagonal direction of the small ruled squares. 

Fig, 22 i-epresents the same cabinet square in a vertical 
positioii, and so placed that the wide side shall front the 
spectator. The former, as placed, is a measure for horizon- _ 
lal and diagonal distances ; the latter, for horizontal an£ 
vertical distances. 

Fig. 23 is an upright frame-work resting on four blockaj 
each two inches square; having only two of its sides anJ 
the top and bottom inclosed, and containing three shelves 
in addition to the top and bottom. Let the pnpil describe 
this frame-work more fully; and tell (or write out) its meas- 
nres in all its parts — distances apart of the shelves, etc. The 
whole on the supposition that it is drawn to the scale of 
one inch to the space. 

The thading on this pHge is supposed to be done, fii-st, 
with India ink; some of the sides are then shaded with lln<>s 
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by the pencil, whicli, when not too heavy, give additioaa 
life and spirit to the di'awing. 



PEOBLEllS F 

Ab Fig. 14 represents a cube eight inches gquare, what are ill content 
enMc inches ? .J bi. 8x8x8 = 612 cubic incba 

Aa it lakes 231 CQbic inches to make a gallon, how many gallons of w 
would Che bos, Fig. 15, contain ? Ans. 2 gallonB nnd GO cnbic inche 

1 . Draw ft box, Eimiiar to Fig. I ~i, that woold contain a cnhe twelve incbeMJ J 
squnre ; and draw the cater separately. How many gallons of water woidd f 
BDch a, box contain? 

2. Draw a rectangular box open nt the lop, the bottom of which b 
measare, on the indde, ten bj tnelva inches, and let the box be ten inc 
deep. How many gallons of water will it contain ? 

3. Draw a Bight of stoiis, similar to Fig. IT, to a scale of six inchei 
a space, and hating the risers twelre inches high, and the tread eightoi 
inches wide. 

i. Draw 3. frame similar to Fig. 18, but formed of st 
— the one-inch being the height. 

Fne-haiid BlacJcboard Exercises. — Figs. 17, 18, and 3<S 
nnd problems 2 and 3. 

PAGE THREE.— SCALE OF THREE INCHES TO A SPACE. 

Fig, 24, At A is represented a piece of timber six by 
twelve inches at the end, and four feet long, broadest aide 
down, having a piece cut from the centre of the upper sida 
one foot Equai'C; and three inchee deep, to receive crosHwiaa'ii 
nnother timber cut in like raaoner. At B the two piec 
of timber are united at right angles to one another. 

The remaining figures on this page are examples of whi^l 
carpenters call acarfing, which moans the uniting of twftV 
pieces of timberlongituditjallylty aficar/l/ojMi — in comm 
language often called splicing; but the latter term is motfl 
properly applied to an overlapping joint that is not notched.;] 

Fig. 25. At Cand I> are two pieces of Umber preparedefl 
for being joined lengthwise by a square scarf-joint. Aftet 
placing the timbers in the right position, they are pinned ot^b 
bolted together. Let the pupil describe the two pieces. 

Fig. 26. At E is the upper piece of timber, and at^thftj 
fcjb e united by a Bcarf-joint, which is formed of the J 
^K-joint combined with the splice-joint. Obserr 
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that iho line of union, S ^ in botli E and F, is in the direc- 
tion of two-space diagonals ; and as the two lines are of 
the same length, and the two timbers lie in the same rela- 
tive positions, the cut sections must correspond with one 
another. Moreover, E and F are redrawn at G and M; 
and there it is seen that the diagonal line of union, 2 4, 
is in both cases the diagonal of the same rectangle 1 S, 
54. , 

Fig. 27 shows two pieces of timber, Zand J, prepared for 
being joined by the ordinary splice-joint. The two tim- 
bers are to bo firmly bolted together. But this is by no | 
means so firm a mode of union as is shown in Figs. 25 ■ 
and 26. ; 

Fig, 28 shows a still firmer mode of the scarf-joint than | 
Figs. 25 and 26. Observe that the lines of union in^meas- J 
ure precisely the same, and are in precisely the same posi- 
tions, as in i. Thus the lines 1 2 and 3 4 are the same in I 
length and position as the lines S 6 and 7 8, both being 1 
two-space diagonals. 

Fig. 29 shows, perhaps, the firmest of all modes of tha 
scarf-joint, especially for heavy timbers, N is the npper 
piece; and the two must be united by placing Jf and JV 
side by side, and driving thenn together. Even then, with- 
out boiling, they can not be drawn apart lengthwise ; nor, if 
the joints be good, can they be easily sprung in any diree- ( 
tion. At .S'the two pieces are shown as they appear when ' 
united. 

Fig. 30 represents the same pieces that are shown in Fig. 
29; but here drawn in a different position, being placed 
eidewise toward the spectator, instead of endwise toward 
him as in Fig. 29. Observe that the measures, according to 
the scale, are the same in the one case as in the other. That I 
mode of representation which will give the beat view of ' 
the object should in all cases be adopted ; and in some 1 
cases both modes should bo used, as the one will often give i 
views of parts that are not shown in the other. 

Fig. 31 shows a still different mode of scarfing, and one J 
that is very firm, and much more easily executed than Fig^ 
30. >Vhen the pieces are firmly bolted together, the inte^l 



M ISDUSTRIAL DE4WISG. [eOOK SO. H. I 

locking gives them great additional alrength against any ,i 
force that might tend to wrench them sideways,* I 

rROBLEMS yoK PEAcncE. J 

1. I>r»w A of Fig. 24 nith the m 

2. I>niw lh« [HO patu of Fig. 2: 

3. Drnw Fig. 28 nith the dark sides of hoih pieces toward tbe epectslor. ' 

4. Design ■ Hgare utitiUr u* Fig. SO, but of diOerent propOTrion* in tbe 
inierlocking put^. 

ii. WhM are the contenu of >1, Fig. 24 ; the scale being tbree inches to ft 

B. What ore (ho contents of ihe entire Rgnre Bf J 

Free-hand Jilackboard Exercises. — Any or all of the figr J 

nies on page 3. I 

PAGE FOUR.— SCALE OF TWO INCHES TO A SPACE. I 

This page Hhova the difievent melhods adopted by ma- J 
Bons and engineers in laying bricks. A brick of ordinary I 
Bizo ia two inches thick, fonr inches wide, and eight inches 1 
long. Bricks which are laid lengthwise across the wallj.l 
with their ends toward the face of the wall, arc called Itecid- i 
era; and those which are laid with their lengths parallel to 
the face of the wall, are called s(re(fAeJ*s. The two principal 
methods of laying bricks in walls, where mnch strength 
is required, arc what is called the English bond and the 
FkmUh bond. In the former, the face of the wall always 
shows the headers and stretchers in alternate layers, or 
courses, as they arc called by bricklayere. Thus at .^ is a 

* It maj here be romarXed ihnt Ilie onlj lines in DJagonal CatHnetFer- 
■povlive which ore ensceptible of lUi-erl meiiiurement are the horiionial, 
Tertical, and diugunnl linos ; and tlmt when any oilier line occurs, if it 
be rasamirBd, it must bfl done by mathematicnl cnlculiiliofi, after first r»r j 
«olring It into Iho hypothcnnse of a right-aogted triangle. Thoe at G Itib.l 
Hnei 1 1 and / Jt are mensorabte ; the former, aci^ording to the Male hflri * 
adaptfid, nnnannjs nine Inches, and tlio latter thirtj-siK indies; and Uie U 
BI« tf i 4 raprenants a riglit angle. Hence the line 'S h '^ 'l>o hypothomae 
t)f n right-anglul trinngle ; and the teacher ma; show ihe advanced pii]Hl 
how to nKCBriain its piiiciMi length by adding together the aqoares of tbe 
*ldo« 8 1 und ( 4- and tlicn extracting their square root. And so 
siinilnr ca«a» of the mensmcment of linos Ihat are neiihcrdiaEiiniil,v« 
nor lioiiwjniiil. 
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course of headers, and at -B is a course of atretcfwra ; and I 
in English bond the /ace of the wall shows alternate couvmb I 
of the two. For Flemish bond, however, the face of each I 
course is composed of a combination of headers and stretch- 1 
evs. In both, a brick of half the ordinary width, and also 1 
one of half the ordinary length, is often i-equired ; and these I 
half bricks should be made in every brick-yard. j 

Fig. 32 represeuts a wall eight inches thick, laid in Eii-'l 
glish bond. Observe that the first or upper course is com*' I 
posed of headera; the second of stretchers; the third of I 
headers; the fourth of stretchere, etc. In drawing these es- I 
amples (as in nearly all other cases of drawing), it is nece&- 1 
sary to draw the upper portions first — that is, to begin at ■] 
the top. I 

Fig. 33 represents a twelve-inch wall in English bond. I 
Observe that the /ace of the wall shows alternate courses. 1 
of headers and stretchers; while each coui-se is composed I 
of both kinds, arranged in a pecnliar order, as shown in the I 
drawing. I 

Fig. 34 represents a sistecn-ineh wall in English bond, I 
The /ace is the same as in the eight and twelve inch walla. I 
The upper two couracs show the arrangement. 1 

Fig. 35 represents an eight-inch wall in Flemish bond; J 
showing that each course is compoBed of both headera and I 
stretchers. 1 

Fig. 36 represents a twelve-inch wall in Flemish bond, i 
Here half bricks of both kinds are used. I 

Fig. 37 represents a sistecn-inch wall in Flemish bond. 1 

Fig. 38 represents what is called English cross bonct. I 
Here the face of the wall shows an arrangement in the seO- 
ond stretcher line by which its joints corac exactly below 
the middle of the bricks in the first stretcher line; and the 
same arrangement of stretchers comes back every fifth line. 
By comparing Fig. 38 with Fig. 32 tho difference will be 
manifest. ' I 

Fig, 39 represents a twenty-foui--inch wall laid in Flemish j 
bond, on the farther half of which rises a twolve-inch wall JDjI 
English bond, both halves being capped with twclve-b]fl 
twelve-inch stones two inches thick. Thei-o are also ti^B 
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triangular abutments vesting on the front !ia]f of tlie \owei 
wall, and abntting against the upper wall. These abut- 
ments are twelve inches high at the back, and tbeir bases 
project forward twelve inches, the width of the lower half 
of the wall. Their faces, therefore, are laid at an angle of 
forty-fivo degrees ; and hence each layer of stones, of which 
the abutment is composed, although only two inches thick, 
presents a much greater front surface view. The teacher 
may require of the advanced pupil thelcngtb of the face of 
the abutment, as designated by the line S 5 or ^ 5. Sea 
Note, page 94. 

PRom.EMS FOE rnAcricE. 

1. Dra>y an wght-incli wall in English bond, forty inches in length a\ 
base, nnd (iliowing three partial coarses and four full conr^es. 

2. Draw a twelve-inch wall in English honi), forlj-cight iaches in le 
nt the boae, and showing four partial conraes and four full conrses. 

3. Draw a twelve-inch waJt in Flsmish bond, fiflj-six inches in lei 
the base, and showing four partial conrecs and four full coarses. 

i. Let the pupil design a twenty-inch wall in English bond, and Bbo-i^ 
twencj'-inch wall in Flenush bond, and so that the bricks will break jointjjj 
the best manner possible. 

Ulackboard Exercises. — Any of the figures of page ^9 
showing the true size of the bricks. 



PAGE FIVE.— SCALE OF TWO INCHES TO A SPACE. 

Fig. 40 represents a cross-shaped figure formed by so cat- 
ting a cubo twenty inches square, that vertical sections, 
eight inches square at the ends, are taken away from ita 
four comers. The form and extent of the entire cube are J 
shown by the dotted lines. Let the pupil calculate th«3 
number of cubic inches taken away, and the number i 
maining. 

Fig. 41 represents a cubo of the same original size as Fig, 
40, from which several sections are cut away, leaving what 
IS shown in the figure. Let the pupil calculate the number 
of cubic inches taken away, and tbe number remaining. 

Fig, 42 shows, on its front vertical face, a single fret of 
the same form as is seen at Fig. 24, page 6, of Book No. L; 
but here, in Fig. 42j the fi'et is shown, not as a surface deoq^ J 
ration merely, but in the solid form, four inches in thickneu 
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Observe that the thickness is represented by one diagonul 

Fig. 43 slioivfl the same solid fret, but with the additiou 
of a solid piece four inches square ranning through it cen- 
trally, tbe two being framed together. 

Fig. 44 represents a frame-w^ork thirty-four iuciies wide 
and fifty-si.i: inches long, the side pieces formed of timbers 
six inches square at the ends, and the end pieces formed of 
timbers sis by sisteeQ inches at the ends, the end pieces 
being moitised into the side pieces by tenons two inches 
thick, eight inches wide, and six inches in length. Hence 
the mortises which receive the tenons must extend entirely 
through the timbere. At .4, £, C, and Z*, the four timbers 
which compose the frame are drawn separately, and in their 
relative poaitions; and at F they are put together. • The 
side pieces show mortises for upright posts. At JB, one of 
the end timbers is represented as standing vertically on one 
of its tenons, with its broadest side fronting the spectator. 
Observe that, according to the scale, it measures precisely 
the same as C'orJ). 

PROBLEMS FOB PEAOTICE. 

1. Draw the liglill? doited oatUnes of a cubo oT [be asms dimeneioDS OS 
Fig. 40 ; and (hen represenl; tba cube as it would be after taklnf; rerlical 
sactione from its fbar coniEn, ami froin llie centres gf \is (oat aida, eaeb 
four inuhea square at the ends. First mark nut, on Iho tipper fiice of the 
dotted cube, the upper fare &s it would appear after tbe pieces were taken 
oitt. What would be the solid rontents of the eight pieces tbna laken ant ? 
The solid coiitent» remaining in tbe cube ? 

2. Draws fret similar [oFig.3+, pnge 6, of BookNo. I., representing ths 
solid form of the fret, two inches in thickness ; hnt draw it on nn enlarged 
plan, so that the width of the frot-line Eholl occupy a full spnce. Scale, two 
inches to a (pace. 

S. Draw F of Tig. 44 lo that the longest side gIihU front the spectator. 

4. Uraw the same frame standing on one etid, with the broad side front- 
ing the spectator. 

5. Draw the same frame standing on one end, with the edyt of the frame 
ftontbg the spectator. 

blackboard Mi-erdsea. — Any of the figures and problems J 
on page 5. 'M 
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PAGE SIX.— SCALE OF TWO INCHES TO A SPACE. 

Figs. 45 and 40 repi'esent the same frame-work, bnt placed 
ill different positioua in relation to the spectator ; and Fig. 
47 represents tljese two frames united by string-pieces, in 
the form of a bcdatoad. Let the pupil give the diraeusions, 
according to the scale adopted for the page — two inches to 
a space. 

Fig. 48 ropi'cscnta a vertical pillar twelve inches square, 
Burrouuded at tho top by a moulding four inches in height 
and projecting four inches. Observe that the projection of 
the moulding, whether measured horizontally by the dis- 
tances I 3 and 5 6, or diagonally by the distances 2 S and 
4 5, etc., is in all parts four inches. The height of the pillar 
is the distance 2 9, which is twenty inches. Observe the 
following lilies: 1. A horizontal moulding, or any hori- 
zontal projection, conceals from vieui a portion of t/ie front 
vertical surface immediately bdoto it, equal in Imght to one 
half t}ie projection. Thus the dotted line 7 8 indicates the 
lower line of the attachment of the moulding to the front 
face of tho pillar ; by which it is seen that the rooulding,/oMr 
inches in projection, conceals from view the two inches in 
height of the front face of the pillar immediately below the 
attachment of the moulding. This principle is also seen in 
the fact that the distance from the base of the pillar to the 
moulding Is measured from fl to 7 — thus making the mould- 
ing sisteen inches above the base. 2. A horizontal pryec- 
tiofi conceals f-om vieia a portion of the diagonai, vertical 
ewfaee immediately below it, e^Jial in height to the extent of 
the projection. 

Thus 8 13 is the line of tho attachment of the under side 
of the moulding to the side of the pillar; and 13 IS shows 
the vertical extent of the sido of the pillar which the mould- 
ing conceals. 

But suppose the front moulding did not project at nil 
beyond the face of the left-hand side of the column. It will 
be seen that, in that case, the front end of the moulding 
would terminate in the line 3 10; thus having an apparent 
projection of two inches beyond the line 7 9, the same as the 
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right-hand end of the moulding would seem to project to Iba I 
left of the line 8 11. All the principles of the projections j 
of rectangular monldings may be learned from this figure. 

Fig. 49 represents the sama pillar, twelve inches equarc, 
iiiid the Bame moulding as in Fig. 48 ; but in Fig. 49 l!ic 
moulding is placed eix. inches below the top. Observe lliat 
the measurementa of the projection, and of the parts con- 
cealed, are the same in both figures. . 

Fig. BO represents the same pillar as in the preceding two I 
figures ; but here it is placed upon a base four inches thick, \ 
that projects beyond the four faces of the pillar four inches 
on all sides. Observe how the measurements are made I 
hero also. ' 

Fig. 51, Here we have represented eighteen inches in 
height of the top of a pillar which is twenty inches square 
at the ends, with a projecting moulding of foiiv blocks on a 
side, four inches apart, encompassing the upper end of the 
pillar. These blocks arc each four inches in height and two , 
inches in thickness, and have a projection of four inches, j 
In drawing them, firat trace lightly a moulding around the 
pillar, similar to the moulding of Fig, 48; then mark out, iu 
this moulding, the divisions which constitute the blocka. 
Observe that the blocks on the two diagonal sides of the 
pillar must necessarily be only half a diagonal in thick- 
ness to represent two inches. Notice the portion of the i 
face of the pillar below the blocks concealed by their pror ] 
jection. j 

Fig. S2, which represents a pillar resting upon a block 
that projects four inches from the face of the pillar, has a 1 
narrow moulding one inch thick, with a projection of tw<J J 
inches, encompassing the pillar near the middle of its heighti | 
How far is this monlding below the top of the pillar, and ' 
how far above the top of the projecting base? 

Fig. 53 repi-escnta a four-legged table, placed bottom up- 
ward, so that its several parts may be shown in the best , 
manner possible. They could not be seen eo well if it were j 
represented in its natural position. Let the papil describe J 
the size and length of the legs — how they are placed in rotl 
lation to the inclosing frame; width and thickness oCOjlMB 
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frame, length of ils sides, and how joined at the 

size of the top of the table, its projection beyond the fraiH 

thickness and number of the boards which composi 

Fig. 54 repreaenta a diamond or lozenge-shaped figi 
formed of two-spaco diagonals, and having a thickness* 
four inches. What is its length ? Its breadth ? Its fro " 
face measure in square inches? (See page 58; No 7,) 
contents in cubic inches ? 

Fig. 55 is the same figure as 54, but its length is heri 
placed in a front vertical position. 

PROBLEllS FOE PKACTICE. 

1. Beproaent a Terlical piece or limber twelve inches square at tlie enJs, 
and twontj-fDnr iuchea in lieiglil, anrroanded by a raoalding even with the 
top, two inches in height, and projecting four inches ; also a like monldine 
even with the base of the limber. Ba careful to get the correct height of 
tlie limber, «s portions of ihe lop and bottom are concealed hy the moulding. 

2. Make a drawing like Fig. 47, with the exception that the posts sbnll 
rest npon a frame formed of stuff foor inches thick and four inthes in width, 
nnil that a frame formed of staff four inches in ividlh and one inch in thick- 
ness (or height) shall rest apon the tops of ihc posts. Be careful to trDce 
the outlines yery tightly at first, and only mark them finnly v/tma Ihc A'lsi- 
bla portions are correctly represented. 

8. Draw a bienge whoso front face shall he lite Fig. S-l, but who8o di 
nal length shall be twelve iocbea. 

4. Draw the s.imo lozenge twelve inches in diagonal length, but in the pj 
sitionofFig.as. 

Blackboard Exercises. — Fignrca 47, 48, 4!), and the fort 
going problems, 

FACE SEVEN.— SCALE OF FOUR INCHES TO A SPACE. 

All the figures on this page, except Fig, 64, contain soni 
lines that are neither true diagonals, verticals, nor horiM 
tals; yet their positions are as accurately defined as tUi 
positions of tiiose lines that are directly measurable. 

Fig. 56 j-epresents a kind of heavy block table, tbirty^tw 
inches in height, having its top surface thirty-two incti 
square, and resting on a base thirty-two inches sqaare. 
base bevels upward, and the top bevels downward to t 
same extent. As the line a d is drawn diaffonaUy from i 
comer «, thirty-two inches, so must the line c d, drawn fivjj 
the corresponding corner c, run diagonally in the s 
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rection ; and its real length ia thirty-two inches, but the far- 
ther eight inches are not visible. It is best to draw l' 
top first ; then the front face ; then the diagonal lines. 



Fig. 5 



i the 



3 block table, with the e 



I 



I 



' represents t 

tion that the vertical section, eight inches in length, is cut 
out of the centres of both sides of the base. Observe that 
as the distance if Is eight inches, so must the distance y a 
be eight inches also ; and that a b must run toward the point 
c, which is a point on the left-hand side of tho table corre- 
sponding to d. And c and d must be tiie same distance 
apart aa n and Hi. 

Fig. 58 is tho same as Fig, 57, with the e.iccption that the 
section cut out here extends through the entire central sup- 
port ; and Fig. 59 shows the same as Fig. 58, with the top 
removed. 

Figs. 60, ei, 62, and 63 are the same as the figures directly 
above them, with their sides turned to the front. Observa 
that Fig. 60 measures in all j'espects, according to the scale, 
the same as Fig. 56. Thus the dotted vertical lines in the 
base fi-ont of Fig. 56, although seen in a sido view in Fig. 
60, are in the latter, as in the former, the downward con- 
tinuiition of the columnar support, and in both cases are 
eight inches apart, eight inches in length or height, and at 
the same distancca from tho corners a and c. And if tho 
length of the line a o, in Fig. 60, should be calculated math' 
ematically, it would be found to be of tho same length as 
the same line a o in Fig, 50, Let the pupil trace out tho 
like measurements in Figs. 61,62, and 63, with the £gnrea 
above them. 

Fig. 64 represents a heavy frame-work sixteen inches ia 
height or thickness, and seven feet four inches sfjiiare, with 
a vertical recess of twelve by forty inches in the centre of 
each of its four sides, and a vertical opening forty inches 
square through the centre of the frame. 

Fig, 65 represents the same frame-work as Fig. 64 j but in 
place of the square opening in the centre, tliere rises, above 
the frame-work in Fig. 65 a four-sided pyramid, forty incheS' J 
square at the base, and thirty-six inches in vertical hei 
Observe that the outlines of tho base of the pyramid 
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the fiame as the upper suvface outlines of the square open^ 
ing in the centre of Fig. 64, and are represented by the 
Bame fignrcs, J, 3, 3, -}, in both cases. Tlie cenlro of the 
base of the pyramid, it will be seen, must bo the point 9 — 
the point of intersection of the lines 5 6 and 7 8, which 
connect the centres of opposite sides of the base. The vei-- 
tical height of the pyramid above the base must therefore 
be the length of the line 9 10, which represents a line draW^^ 
vertically upward from the centre of the base to the up* 
of the pyramid, 

pr.OBi.BMs FOE PitAcncE. 

1. Draw n ftgui'e similar to Fig. 56, bat forty-four inches EqmirB at tj 
bollom and lop ; and niib the ceniral Tentcal support tnenty incbei h" 
{torn to X, and onl; four inches ia thickness. 

2. Draw tlie Bame with the side view hronglit in from. 

3. Draw a figure whose base shall be similar la tbatof Fig. G.i 
extreme side measures from comer to camel sball be six feet, and f 
hdght or thickness eight incbes ; the recesses on the centres of the ai 
dxteen by twenty-fonr inches ; the base of the pyramid twentj-fbnr inC 
winare, and its vertical height fifty inches. 

Blackboard Exercises. — Figs. 56, 57, 58, and 62. 
draw Fig. 65, giving to the fi-arae-work one half the measure 
denoted on the paper; but make the pyramid thirty-Hf 
inches in vertical height. Tiie dark shades may be desii 
Dated by heavy vertical lines, with either blue or whiB 
crayons. 

PAGE EIGnX.— SCALE OF ONE Ft}OT TO A SPACE. 

Fig. 06 may be supposed to represent a block of stM 
twelve feet square, and four feet in height or tfaicknet 
Suppose that we wish to place, centrally, on the top of tbi 
block a four-sided pyramid, eight feet square at the bas 
and fifteen feet in vertical height from the top of the b 

Evidently the base of the pyramid will be, on all sidd 
tivo feet within the outlines of the top of the base on whid 
it rests. The lines a b,b f,f d, and d a, representing the 
outliues of the base of the pyramid, must therefore be drawn 
two horizontal spaces within the upper side lines i wi and 
n j of tiie base, and one diagonal space within the fra 
and back lines i n and mj. Tlie centre, c, of the base i 
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the pyramid, must evidently be at the intei-section of the 
central lines o p and h g, and these lines will be snfficient 
to designate it; but it must also be at the intersection of 
tlio diagonal lines a f and d b oi the base. The apex of 
the pyramid ranst be vertical to the point o. 

Fig. 67, The top of the baaa of this figure is the eame as 
t!iQ top of the base drawn in the preceding figure, and on 
this base the pyramid, of the same dimeDsions as that desig- 
nated for Fig. 66, is placed. The dotted lines and the letr 
ters are put in to designate tlie same points that are givea 
in Fig. 06. Observe that the point X, the apex or vertex of 
the pyramid, is taken fifteen spaces vertically above the 
centre, c, of the base; and from x lines ara drawn to th^ 
corners (I, f, and fl. The foarth corner-line of the pyramid 
extends from x to a, but it cau not be seen because it is od 
the side opposite to the spectator. The line c a; is called 
the axis of the pyramid. 

The base of Fig. 67 is represented aa ten feet in height 
and twelve feet square ; and it has recesses in the centres of 
its sides six feet high, eight feet wide, and two feet in depth. 

Fig. 68 is a wedge-shaped pyramid, eight feet square at 
the base, and eleven feet in vertical height. Obsei've how 
the edge, a b, of the pyramid ia drawn so aa to be directly 
above the central diagonal line, g h, of the base. 

Fig. 69 is the same as Fig. 68 ; but the side view of the 
wedge is hei-o brought in froot of the spectator. Observe 
that the measurements are the same in both cases. See the 
height, ag,\n both. 

Fig. 70 has the same base, eight feet square, and the same 
height, eleven feet, as the preceding two figures; but the 
wedge-shaped pyramid is diminished to four feet at the apex. 
If the edge of the pyramid were the line a b, the figure 
would be the same as Fig. 68; but the edge is diminished 
two feet at each extremity by cutting off a r and a b. 

Fig. 71 ia a truncated pyramid — the lop being cut off 
parallel with the base. Its vertical height ia the axis line 
c d. The lines forming the edges of the sides are drawn to- J 
ward a point in the upward extension of the line c d. M 

Fig. 72 represents the top of a pillar in the obelisk forra-J 
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the top bciug cut off in the form of a flat pyramid. 
vertex, 3!, must be in the line of the axis of the pyramid 
If the sides of the bloclt were vertica!, we might suppose it| 
base to he ff,d,iyn, \a the figure below it; then c x woii^ 
be the central line or axis. 

Pig. 13 i-cpresenls an obelisk, which consists of an uppi 

pyramidal part, D, called the shaft, and the support or hoi 

on whidi ii it'sts, called the pM'estal. The pedestal is di- 
vided into three parts : A, the base ; S, the die ; aud C the 
cornice. There is often a recess, or sunken part, in the die, 
which contains the inscription, etc. The vertical height of ■ 
the shaft of Fig. 73 is seen to be twenty-seven feet, by count^ 
ing the spaces from n to x, which line is the axis ; and t 
base of the shaft is eight feet square. The entire vertiotf 
height of the pedestal — from the bottom of the base to t' 
top of the cornice — will be fouiid to be eleven feet, as meal 
ured from m, the centre of the bottom of the base, 
centre of the top of the cornice. The point m must be i 
tbe intersection of the lines which connect the opposite cdj 
nera of the bottom of the base. The face of the die is Bevd| 
and a half feet in height and eight feet wide ; and the rec 
in its centre is five and a half feet in height, and six fi 
wide, ao that the recess is just one foot within the edges a 
tbe die. As the cornice projects one foot, it conceals froii 
viewjust one Aa/^ofa foot of tbe upper part of the front fi 
of the die, and one foot of the upper part of the side fa^ 
(see Rules, page 88) ; hence the upper line of the recess c 
the right side of the pedestal coincides in view with the boi 
torn line of tbe cornice, The recess in each of the sides a 
the shaft is also one foot in deptli. The side corner-lines o 
tbe shaft are drawn toward a point directly above a:, in t&j 
oontinnation of the axis. The upper extremity of the sha 
is in the flat pyramidal form, similar to Fig, 72, but i 
pointed. 

Fig. 74 is a Grecian fret, the same as Fig, 25 on page 6 o 
Book No. 1, here changed into the solid form ; and Fig. J 
is the same as Fig, 26 on the same page of Book No. I., herS| 
changed into the solid form. In both cases the thickness of 
the fret, diagonally, ia the some as the width of its front face. 



0^= To get the full t-ffact of the di'c.winga on this page, J 
view them as directed on page 50. Let the pupil view his J 
own drawings in the same manner, 1 

PEOHLElia FOK PEACnCE. 1 

1. Draw n. base and prnmiid simiLir to Fig- 67, bat let tlie bnja ba a cube i 
ten feet B<|UHre ; let tlie pvrnmid be placed nne fuot widiin the outlines of 
Ibo tnp of the base, and let the rertical heigbi of the pyrmnid be eighteen i 
feet. Let [lie lecesses of the base be only una fuot deep, nnd a foot and a 1 
half fi'om the eJges of the sides. j 

2. Draw a wedge-shaped pyramid, similui* to Fig. CS, wliose liaEe sLnll be | 
ten feet sixuare, nod whose vertical boight Ehall be sixteen feet. 

3. DiiLwaii obelisk of tiiefulluwingdimensiotiB: 1st. The pedestal: battf 
fourteen feet square, and three feet in thickness ; die, ten feet square at Its 
base, and height twelve feet ; recess iti die two feet from edges, and one fuot 
in deptlt ; comicf, a foot and a half in thickness, and projection bejond the 
&ce of ibe die one foot. Sd. The shaft : base of sbaft eight feet square, 
placed centrally on the cornice; vertical height thirty feet, e,ad apex like 
Fig. 72. 

A. Draw a fret like Fig- 75, with the e-icoplioo that the Una of the bands, 
as seen iu front, shall be only six inches wide, nnd the bands eighteen inches 
apart, while the diagonal depth or thickness of the baud shall be two feet. 

blackboard J^rctses. — Draw nnd shade the frets, Figs. 
74 and 75, on the supposition that the ruled linos on the 
bl.icUIioard arc one foot apart. 

PAGE NINE.— eCALK OF TWO IXCIIES TO A SPACE. 
Fig. Is represents a post-atid-boafd fence, its length be- 
ing here viewed diagonally, with what is called the inside 
of the fence exposed to view, bo as to show ita constrnction. 
The posts are eight inches square, and twenty-six inches 
above ground; rails two by four inches, the lower one let i 
into the posts, and the upper one resting on the posts, botli ' 
fliiali with the front edge of the posts; boards thirty-four 
inches in height, one inch thick, and eight inches wide, ex- 
cept the two end boards, which are only four inches wide. 
Id the drawing the posts are placed, for want of room on the 
paper, much nearer together than they would be in the real < 

Fig. 77 represents the eame fence that is shown in thed 

preceding figure ; but here its lenf^th ia placed fronting tbd 

spectator, and the end ia viewed diagonallv. Lot the pupifl 

£2 ' M 
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teat lbs BOTiwrement* of both fignrcs, and tee if is all le- 
tpeetM tbejr fitlljr eorrtrfyad wiUi each other. 

Fig. 78 in a Boraewlist elalwrat« post-aad-rail Jeoee. Hen 
tb« poaU are oiglit bj twelre incbefl io size, and thirty-two 
incbes in bctgbt; and the rails are two by four inches, tbe 
lower three rails being let into the poets four incheeL Let 
the pii|>tl describe tlw constroction in full — length, poaitkm, 
distances apart, etc., of all the rails. 

h'ig. 7B represents a foar-pointed star cat ont of a plank 
tiro inches in thtckncas. l«t the pupil describe it : distance 
of the points from the centre, etc. i 

PBORLEUS FO& PKACTICE. ■ 

1. I.el Ibe {lujill clrav a fence rinular In Fig. 7G; posta lo be ax inrVy^ 
•qoare; rails twu 1/ Ibiee incbcs ; beif-btcfpocu and length of boards tlw 
wtae u in llio figure. 

2. Lai him draw llie luune in the pofiiion represenled in Fig. 77. 

8. LcE bin draw Fig. 7S w tbat iu ienjih ^bnll be viewed diagoniDj. It 
win be funnd (bat Mime objeeu can In best repre^cated in one podcioa and • 
tdmt In anoiber. J 

Blachboard JSjxrciset. — Fig, 76, and problem 2. I 

J'AQE TEN.— SCALE OF TWO IXCIIKS TO A SPACE. I 

Kig. 80 in atiolher form of post-and-rai! fence, in which tha I 
rails, in tlieir full siKC of two by four inches, arc mortised 'I 
through the posts — the top of the rail being in a borizonttillll 
pOBition. ]^t tho pupil describe the posts, rails, etc., in full. I 
The posts are here drawn much nearer together, according ■ 
to tho ouale, than they would be placed in tho real fence. I 
Fij{. 81 will illtiHtrnto the principles of drawing the repr«-'I 
sontotion of a fence where tho sqnaie rails are let into th& ■ 
posts diagonally. Lot the upright timber here represent ^ 
the post, which, however, is here drawn, for convenience of 
reproscriUttion, only two inches in thickness, and twenty 
inohca in width. Suppose wo wish to represent a diagonal 
squaro mortise through this post, for the purpose of receiv. , 
ing n square rail of twelve inches diagonal diameter. Lay J 
off the sqnaro 1 3 B 7,of twelve inches to a side, and squaiQ I 
with the ends and sides of the post. Mark the middle pointB M 
ill the Hides of this sfpmre, and connect them, measuriD^ fl 
twelve inchcK from H to ^, and tho same from 2 to S, and wa J 
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shall liave the diagonal ecLuare 3 ^ 6 S. Repi'escnt this 
eqnare as cut through the post, and we shall have the ap- 
pearance of the diagonal square mortise which ia to receive 
the rail placed in a diagoual position. Observe that the lines 
3 8 and ^ 6 are drawn in the direction of three-space diago- 
nals. Below we have the appearance which would be pi-e- 
seuted by the rail passing tbrough the post. The rail is so 
placed, with reference to the eye of the spectator, that one 
side of it appears very wide; while the other side, being 
seen very obliquely, appears very narrow. 

At A we have represented the posts of the same size as 
iu Fig, 80, with the square rail passing through them diag- 
onally. 

At li we have represented the side of the post through 
which the rail passes as fronting the spectator — as it would 
be drawn if the fence were viewed diagonally lengthwise. 
In this case the diagonal square mortise would be well rep- 
resented, but only o?ie Bide of the rail would be seen, as in- 
dicated by the dotted representation of it. Hence the di- 
agonal lengthwise representation of such a fence would not 
be a good one. 

Fig, 82 is still another fovni of post-and-rail fence, which 
the pupil may describe. 

Fig. 83, In this figure the cross-beam, which is supposed to 
be designed to sustain a heavy weight, is supported by two 
braces, which are framed into the cross-beam and also into 
the posts. The under side of the brace on the left is seen so 
cbliqnely that it exposes to view only a very narrow sar- 
face. 

Fig. 84 is the same pattern of the quadruple or four-band 
fret that is used for the setting of an Arabian mosaic in Fig. 
43, page 7, of Book No. L Here, in Fig. 84, the fret alone 
is given, and in the solid form. In the lower part of the 
figure the half diagonal lines are marked in, to show the 
method of representing the thickness of the fret. Each of 
these lines, it will be seen, ia drawn in a diagonal direction, 
and the length of half a diagonal. Understanding this, the 
whole figure is very easily executed after the original fre^ 
has been drawn, ■ 
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Fig. 89 represeats a heavy plank chest, thirty-six 
square on the bottom, and twenty-one inches in height wheo 
the lid is closed. In the top of the chest is plact-d a tray, 
baviog in it nine partitions. This tray rises three inches 
ahove the body of the chest ; bat its partitioDS are only two 
inches deep ; and when the lid shuts down it incloses within 
it the three inches' elevation of the tray. Let the popil ei:- 
amioe and lest all the meaEnrements, and £ee if the lid vill 
accurately fit over the tray, and also be even with the ont- 
side of the chest- What is the thickness of ibc top of the 
lid? 




FOE PEACnCE- 

1. Driw ihe reprcentmion of a hao'l-fKket fence: raiU ihe laiiie aj 
Fig, e.'>, bni the pifkela tnu JDuhea wiije, l-meaij inches long, nuule uf itDlT 
two inches ibiL-k, and pUced four incbu apart. 

2. Draw the representation of a chest similar to Fig. SO. Suppora il 
be Ihirif-eight inches aqanre; tbebody Hxieea inubeahigh ; lopflte 
high, nuide of aaS ivro inches thick ; but the trag maiJo of one-inch ■to!. : 
and rising three inches above the bod/. Diride the tnij inio 
ditbions, each eight inches iqmire {indudisg the partiiiotu] ; ami let the 
partitions b« lliree intfaes deep. Place the coier on the further side, appo- 
tilt the front. 



Blackboard ^ercisei. — Figures 85 and 87, and problem 



PAGE TWELVE.— ir^CALE OF SIS INCHES TO A SPACE. 

Fig. 90 represents a solid octagonal block, five feet ta| 
length, with a face diameter, on the line ! 3 or 3 4,o{ ihre 
feet. The octagonal form is the same as tbat of No. 
page 2, of Book No. I. Observe that, in drawing the visible 
sides of the block, we draw diagonal lines from the points 
5, J, 6, 4, and 7, and in all cases a distance of five diagonals, 
representing five feet. 

It will be easy to find the solid contents, in cubic inches 
or feet, of sach a, block, after the directions for tneasuring 
surfaces given in the preceding book. Thus, on the scale 
of six inches to a space, the front face of Fig. 90 measures 
sis square feet ; and as the length of the block is fivo feet, 
the contents of the block ninst be five times sii, or thirty 
cabic feet. 

Fig. 91 has the same front face as the star fignre contaitul 
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ed -within the No. 13 just refen-ed to, or the Hame 
star figure >fo. 1 1 of Lesson VI., on the same page. As the 
face of the star form, Fig. 9!, contains an area, aucording to 
the scale, of two square feet, and as the length of the Bolid 
is sis feet, the solid contents of Fig. 91 would be tweiv^ 
cubic feet. 

Fig. 92 is a hexagonal, or six-sided solid, six feet in lengtlq 
its two parallel ends being formed of hexagons. The papf 
can now, doubtless, easily calculate the cubic contents * 
this figure. 

Fig. 93 is an octagonal figure, of the same front outline i 
No. 10 of Lessou VIII., page 2, of Book No. L Six inchd 
within the series of the outer front linos is another serioB 
whose distance from the outer lines is regulated by tht 
points i, 2, 3, 4. Both the outer and the inner lines are 
drawn in the direction of three-space diagonals. This com- 
pleted figure forms a hollow octagonal tube, one foot Id 
length, whose sides are six inches in thickness, with an ex- 
treme diameter, both vertical and horizontal, of four feet. 
The points 5 and fi, one diagonal space distant from ^ and 5, 
regulate the drawing of the inner boundary-lines of the fai^ 
ther end. These lines also are drawn in the direction ofil 
three-space diagonals, and are hence parallel to their corr^J 
Rpondiog front lines. U 

Fig. 64 is a solid octagonal block, of four feet vertical ao^H 
horizontal diameter, and six feet in length. The pupil, >^^| 
feiTing back to Book No. L, should now be able to catcalatfl 
its cubical contents. Observe that the shading is such i^H 
most clearly to distinguish the several visible sides of t^H 
block. 4 

Fig. 95. The outline of the front face of the block her^ 
represented forms a dodecagon, or figure of twelve sides, the 
same as is shown on page 2 of Book No. I, ; while the hol- 
low or opening through the block is hexagonal, It is easy 
to see how the lines bounding the several sides of the blotdfl 
lengthwise, both on the outside and inside, are to be drawjH 
— all in the direction of diagonals. The outside lines mu^H 
alljOf course, be of equal length; and the lines forming ttiM 
boundary of the fart her face of the dodecagon must be pa^| 
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alltl to those forming the boundary of tho front face. But 
they are made parallel with perfect ease, because their posi- 
tioD and limits are detiiiitely designated by tho ruling of 
the paper. 

Let the pupil, refen-ing back to the outlines of the trnme 
dodecagon oo page 2 of Book No. I., calculate the solid con- 
tents of Fig. 95. 

Fig, Be baa the same front face as Fig. 95, but the solid 
formed upon it is only one foot in length. It is thus drawn 
in order to show a portion of the inner outlines of the far- 
ther end of the block. What are the cubical contents of 
this figure? 

Fig. 97, having tho same outline front form aa Fig. 90, is 
di-awn to inclose an area four times as large as Fig. 90. 
{See Eleuentaky Peinciple, page 54.) This figure is a 
hollow octagon, two feet in length, and having its sides six 
inches in thickness. Observe that tbe front outline is formed 
by drawing two-space diagonals throughout; observe, also, 
that tbe inner boundary-lines of the octagon, at both ends, 
are the same in direction, but necessarily of less length. 

Fig. 08 has the same outline front form as Fig, 93, but is 
drawn to inclose an area four times as large as Fig. 93. 
(See Elementary Pkinciplk, page 54.) It is drawn of 
(/»-ee-space diagonals instead of tioo. Observe how easily 
and accurately in all these figures the inside lines of the 
front face of the octagon are drawn, so as to be exactly 
parallel to the outside lines. Thus, after taking the point 
1, ill Fig. 98, the line i 7 ie drawn in tho direction of a 
tbree-Bpace diagonal until it intersects the diagonal line 7 10; 
then the line 2T\& drawn as a t]irce-space diagonal, and it 
will intersect the diagonal 7 10 in the point 7, In like 
manner all the front inner-face lines are drawn. Observe, 
also, that the points 6 and 5 are designated by being three 
diagonal spaces distant from S and Jt. Then 6' 12 and 5 12 
are drawn in the direction of thrt'C-space diagonals, meeting ' 
in the same point, 12. I 

Fig. 99 is a frame-work which requires little explanation. J 

Observe that the braces must start at equal distances froiftd 

I tbe vertical post; and that ttie distance 1 2 must be lh»l 
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cable contents of Fig. 92, and whose front face shall contain foor times the 
area of Fig. 92. 

4. Draw a dodecagon hollow body, the extreme outline of whose front 
face shall be the same as Fig. 95 : let the sides of the hollow bodj be of 
the same length, but onlj half the thickness of the sides of Fig. 95. 

5. Draw a figure the same as Fig. 99, with tho exception that the side 
shaW front the spectator, and the platform base shall be one foot wider than 
there represented. 

6. Draw Fig. 100 of the same dimensions as given, but with the side 
frontiog the spectator. 
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c, will represent the axis of the cylinder; and c will be the 
central point of the near end, and rfthe central point of the 
farther end. If, therefore, we describe a circle from the 
point d, with a radius of five inches, this circle, only one 
half of which could be seen in the solid cylinder, would 
the true form and position of the faither end of the cylii 
Connect the estreme edges of these circles by the lines p r 
and m n, and we have all the visiblo outlines of the cyl" 

Fig. 3 is the same as Fig. 2, with the cylinder shaded, 
BO aa to represent it in its solid form. Observe here that 

d, the same as in the preceding figure, five diagonal spaces 
from {ten inches), ia the centre from which the visible 
boundary of the farther end of the cylinder ia described. 
From points in the Hue a d are to be described the several' 
circular bands which encompass the cylinder; and theee' 
bands will be the same distances apart as are the ceutret> 
fi'ora which they are described. 

Fig. 4. Here a longitadinal right-angled section, embrac- 
ing one quarter of the cylinder, is taken away. This shows 
the position of the axis, c (Z, better than it can be seen in the 
preceding two figures. From the centre, d, are described, 
with the compasses, tlie visible portions of the farther end 
of the cylinder. The sides are drawn in the same manner 
as in Fig. 3, 

Fig. 5 represents a cylinder of the same size, oi'iginally,, 
as in the preceding three figures, but having, first, one qnar- 
ter cut away, as in Fig. 4, and then, in addition, all but the 
lower left-hand quarter of the middle section is taken away. 
Measarementa of the several secliona may be raade on the 
vertical, horizontal, and diagonal lines in the same manner 
as in all plane solids. 

Fig. 6. Ilere, also, the cylinder is ten inches long, as meas- 
ured on the line of its axis, c rfl The upper halfoi the front 
portion, four inches in length, is first taken away; then a 
portion of the farther part, but less than a quarter, is re- 
moved. 

Fig. 7 ia the same as Fig. 6, but shaded ro as to show tho' 
several parts more distinctly. 
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Fig, 8 represents three qnarter-sectiona of a cyimder five^ 
inches in diameter and fonr inches long: 

Fig. 9 represents a cylinder four inches ia length ami ten 
inches in diameter, with an opening foar inches square: «e- 
tending throngh it longitudinally and centrally. Here c is 
the centre of the front end of the cylinder; and at two ^ 
agonal spaces from it will be the centre from which the 
boundary of the farther end is described. Circles mmmi^ 
around the cylinder are described by the compasses. Gnna. 
points on the axis. Observe that the length of the cyiindJer 
is not only measurable on the axis, but also on the other di- 
agonal lines 3 Ji^ i> 6, etc., which must all be eqnal — each 
beini? the measure of two diagonals. 

Fig. 1 represents the outlines of a hollow cylinder fbur 
inclios ill length and ten inches in diameter, with walls one 
inch in thickness. As c is the centre of the fi-ont end, we 
first describe from it the outer circle, or periphery, of the 
Cylinder, with a radius of five inches, and then the inner oiiy 
cle, with a radius of four inches, which leaves one inch be- 
tween them for the thickness of the walls. From d, the 
centre of the farther end, we next describe two like circles^ 
or parts of circles, the visible portion of the smaller circle 
being / 2 •?, which is the visible portion of the fiirther inside 
boundary. 

F'ig. 1 1 is the same as Fig. 10 in outline, but fully shaded. 

F'ig. 1 2 r(*presents a cylinder four inches in length and 
ten inches in diameter, with a solid cylinder, or axle, fear 
inches in diameter and twenty inches in length, passing cext- 
trally through it — the axis of the longer cylinder coinciding 
with the axis of the shorter one. Here c d represents the 
fKX\9, (ii the short cylinder, and a h the axis of the long one. 
Tho length of either, or both, may be measured in any one 
of the several ways mention(5d for measuring Fig. 9. 



rnorjLKMS FOlt PKACTICE. 

1. T)rn,v n so]"k1 rylimler six inches in dinmcter and twelve inches in 

2. f^rnw flio ^f\t\\% Imt represent one quarter taken from it, similar to 
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3. Drsw the lower Isfl-hanil qiinrter of a cylinder irhose entire dilUBll' J 
siODS woald be eight inches in diameter and ten inches in length. 1 

4. Draw the lower right-hand {quarter of a cylinder of the asme dimen- I 

6. Draw the lower Lorixonlal half of a cylinder whose entire dimeDaiong I 
wotild lie eight incbea in diameter and twelve incbea in length. I 

G. Draw a hallow cylinder of fanrteea inches in diameter, eis inches in 'I 
length, and one-inch thickness of walls. M 

7. Draw the ioafr halfoaij of a hollow cylinder of twelve inches in dl- I 
ameter, 13 inches in length, and one-inch thickness of wnlL I 

Ulaclcboard Exercises. — ^The chalk crayon compaEsos will 1 
be required here. See page 49. Draw .ind eliade all the I 
figures on page 1, and also the problems. I 

PAGE TWO.— SCALK OF OXE FCOT TO A SPACE. J 

Fig. 13 i-epreBcnts the outlines of a solid, four feet by tea J 

feet at the base, and eleven feet entire height : but the upper I 

patt is a semicircle. The front semicircular outline is de- J 

Gcribed from the point c, and the farther one from the point I 

X, distant, diagonally, from e, four feet. Observe that the I 

Bide line, a b, is drawn so as to touch the semicircles at the 1 

extreme limit of our view of the seraiciicnlar top; and that I 

the points a and b are necessarily at the intersections of dt 1 

agonals, from c and x, with tlio semicircles. Let it be no- 1 

ticed that, as the measurements 1 S, 3 ^ 6 6,7 S, 9 10, a b^^ 

and c X, are all equal in tho rea! object, so they must be I 

equal in the drawing, I 

Fig. 14 is the same as the preceding figure shaded. I 

Fig. IS is similar to Fig. 14 ; but it I'ests on a base wbidiJ 

projects laterally one foot; and the semicircular top alsoj 

projects laterally one foot, equal to the projection of th^ 

base. I 

Fig. 16 is the same as the preceding figure fully shaded. I 

Fig. 17 represents the outlines of an archway, formed of I 

two paniUei walls, each two feet thick, six feet high, and 1 

ail feet wide, pl.accd eight feet apart, and surmounted by a I 

semicircular arch of the same thickness as the walls on which 1 

it rests. I 

Fig. 18 is tho same archway represented as reversed in I 

I position, and placed aich downward. This showa tb.* wA*-« 
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lines of ihe bases of the walla iu full, and a part of the un- 
der aide of the arch, which could not he shown in the draw- 
ing above it. Figs. IB and 20 are the same as 17 and 18, 
shaded. I» lliia way an object may be i-eprcsenled i 
ferent poEitions, when it ia desirable to show aa fully as po»> | 
sible the conatruction of its eei'eral parts. 

Fig. 21 i-epresents a semicircular arch resting on four pilr J 
lars, two on a side. The pillars are four feet square and J 
fourteen feet high, each pair resting on a base one foot ii 
thickness, six feet wide, and ten feet in length, and sur- ' 
mounted by a cap (capital) of the same dimensions. The ] 
width of ihe archway, as measured fi-om a to b, is twelvi 
feet ; and the height, from c to z, twenty-one feet. From tha 1 
point X the front semicircles are described ; and from y the J 
semicircles which bound the fartlier end of the areh are de^f 
scribed. 

The divisions of the front of the arch, 2, 3, 4, 5, etc., arff'1 
laid off by the compasses ; and from the points of divisioa 1 
straight lines are drawn toward the centre, a;, just as the ] 
lines would tend if the real arch were laid with cut stone. | 
Let it be observed, also, that the ImoB 5 7,6 8,9 10, etc, ' 
drawn in the direction of diagonals, must. all be of precisely I 
the same length in the drawing, according to the scale, a,9>\ 
they would be in the real arch. In fine, all diagonal, vet* J 
tical, and horizontal lines in the drawing give, according tei J 
the scale, perfectly accurate measurements of the structure, 
Parts of perfect circles may then be measured or calculated. J 
with the same accuracy as in the real object. 



I FOR ritACl'lCE. 

1. DrftWft flgnTB similar to Fig. 14, butwillia wiiith of eight feetinfronti 1 
depth of tivo feet, Hnd lota! vertioni lieigli o en ec I 

a. Draw one like Fig. 19 iti nil reapeo e p an erticat ] 

Bection, two ffeet in depth, ia represented aa ten o I, m gh 
Ihroaghout the entire archway — thus lea g h f n nd ha ear of 
the arcbwnj perfect, end titkiug out he d par e between 

3. Represent the same invBrled— Ihnt bpH ghncld wnnord. 

4. Draw a figure similar to Fig. 21, but of the following dimcnaonsi 
Place two columits on n side, each two feet aqiiaro nnd twelve feet high, Kn. _ 
feet npart in fiont, Hod eacb pair Ax feet apnrt dinganall7. Let each pair-# 
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Blackboard Exercises. — Ftgores 14, 19, and 20; also the 
foregoing problems. 

PAGE THREE.— SCALE OF TTVO ISCDES TO A SPACE. 

Fig. 22. "We have liere represeEted a pair of braces rest- 
ing upon 3 platform two incites thick, eight inches wide, 
and twenty-eight inches long, and so placed as to be equally 
inclined toward a central line, 2 5. 

Fig. 23 represents a platform the same as io the preced- 
ing fignre, but with ctireilinear braces placed upon it, and 
equally inclined toward a central line, 3 5. In this case, 
the bases of the braces, and the height 5 3, being the same 
as in the preceding figure, we take any point, as y or c, from 
which we can describe, with the compasses, a curve that 
will pass through the points 1 and 2. This point, y or e, 
may bo farther from the left-hand brace, or nearer, according 
to the kind of curve that we desire for the brace : but, hav- 
ing taken it, wc must describe, from the same point, the cor- 
responding curve 7 9. Diagonally from y or c we must 
take the point z or x, making p z or c x equal to 7 3/ and 
from 2 or ic describe the curve 3 4. This latter cune would 
terminnte at the point 10, the vertex of the farther face of 
the arch, on the under side. For describing the curves of 
the right-hand brace, wc must t.ike corresponding points at 
the left of the platform. 

Fig. 24 shows the left-hand brace of the preceding fignre, 
as drawn by itself alone. Here the point 10 is visible, and 
is seen to be in continuation of the curve 3 4- 

Fig. 25. This figure represents a semicircular arch eight 
inches (^ i) in width, two inches' thickness of wall, described 
with an extreme radius {c d or y g) of twenty-two inches, 
and resting upon a base eight inches wide, two inches thick, 
and fifty-two inches in length — the whole divided vertically 
in thedrawing, and at right angles to the face of the arch, so 
M to separate arch and platform into two equal halves, six 
inches apart. Suppose tlie two halves to be brought togeth- 
er centrally ; the arch will then form a perfect semicircle. 
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Here all llie curvilinear lines on tlio left are described 
from the points c and x, and those on the right from the 
points »/ and z. Let the pupil observe, that wliile the line 
from 10 to i 13 a curve struck by the compasses from the 
point X, that 6 a is a straight line, drawn according to the 
principles that were explained in relation to Figs. 13 and 
14, When tbe curve from 10 to b has reached the point b, 
its continuation is below the visible surface of the arch ; and 
the straight line i a is the surface of the arch, just as the 
line 5 a in Fig. 13 is the sui-face of the arch there repre- 
sented. 

Fig. 26 is the same as the preceding ligure inverted. 
upper sides of the plalforai and arch here become the nndfii 
aides, and the pobta x c and j/ e, consequently, follow the va^ 

Fig. 27 represents a hollow cylinder of forty-eight inchee 
outside diameter, as measured from 1 to Sy eight inches h 
length, as measured from 3 to 3,4 to 5, 6 to 7, or any n 
diagonally, on the circumference; and walls of two inchefiB 
thickncBB. The two circles of the front end of the cylindei! 
are described from the point t; and the visible parts of tl 
two circles which bound the farther end of the cylinder ai^ 
described from tiie point a:, which must be two diagonal 
spaces from t, in order to make the length of the cylindd 
eight inches. The two front circles shonld be describee 
first. 

Fig. 28 is what is called a quarter/oil in arch i tec tare j' 
which is an omamental figure disposed in four segments of 
circles, the front face of which is a conventional i-esemblonce 
of an expanded flower of four petals, (See Fig. 36, page 81.) 
The front segments of circles, forming the face of the orna- 
ment, are described from the points a, h, c, d, the four angles 
of a diagonal square; and as the ornament has a depth of 
eiglit inches, the segments of oircles forming the farther 
side of the figure are described from the points *c, a*, y,i!:,twOa 
diagonal spaces from the other centres. The ahadivg line»^ 
of the segments of circles are described from points betweeSfl 
the front and rear centres, on the dotted lines. In drawingl 
the figure, first dcr-cnbo the front segments from tlie pointM 
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a,b,C,c7,t]ien fvom the other points describe such poi'liona 
of the other segrnenta aa could be seen. 

PROBLEMS FOB PRACTICE. 

1. Draw a figare sinulur to Fig, 23, but make the plank lisM: fotu' invhe 
longer, and plncB the braces four inches farther apart, while ihey shall K 
of tlio BamB height, 5 S. Then on the lower side of tha plant base jilaci 

a like pair of braces, same distances apart, etc., and meeting nt a point tli« J 
eamo distance below the plank that 3 is above it. 

2. Draw Fig, 33 with chatigos sEmilar to thdse that were required 
mada In F^g. liS for the preceding problcio, putting a giair of curvi 
braces belaia as well as above the plalfarm. 

3. Draw Figa. 25 and 26 united in one figure, and on tile siimB 
bnt on opposite sides of it, and without any sejmration in the base or ii| I 
tbe eemicircuiar segments. 

i. Draw a cylinder similar to Fig. 27, but with an extreme diameter of 
fortj inchcB; walls foar inches ia thicltnass, and length of tjlinder sixteen 

S. Draw a qnarletfoil similar to Fig. 28 ; but take the centres of the 
front segments in the four comers of n diagonul square of onl.v/our diag- 
onal spaces to a side: draw tlie outer segments with a rndins of eight 
inches, and the inner with a radius of six inches ; and make the qnnrterfoil 
onlj fiiur inclies in diagonal thickness, Tlia measure fur iho rndins n 
be taken on vertical or horizontal lines. 

Afier drawing the foregoing problems, examine tham careful!; ikroagti I 
the opening formed by the partinllf dosed band. 

blackboard Meercisee. —Fi<;B. 22, 23, 25 ; and any of the i 

problems. 

PAGE FOUH.— SCALU OF TWO IKLHES TO A SPACE. 
Fig. 29 represents a, bracket of forty-foar inches' height, I 
thirty inches' projection, and eight inches' thickness. ThB I 
front of the bracket (here the diagonal view) embraces two ' 
segments of circles; the upper one described with a radiii 
ffl or ^ 5, of twenty-two inches; and the lower one with 
radius, / m or 1 n,oi six incliCB. Observe that from the 
point 3 the curves a b o.ndifg are described; and that fror 
tlie point i the curve C rf is described. The parts cp and 
a n arc not portions of the curves, but arc straight lines. 
From the point 1 the curve m n is desciibed ; and from the 
point 2 is described the hidden curve op. In selecting the 
[ points 1 3 and 3 ^ vie Ate inSuenccd tvholly by the kind J 
"■ F ' 
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and exteut of the curve which we wish to describc.just a 
in describing the cui've of the real braclict; but the diagonal 
distance from 1 to 2 and from 5 to -^ is determined by the 
thickness of the bracket. 
Fig. 30 ia the same as Fig. 29, shaded in full. 
Fig. 31 is n bracket of precisely the same dimensions as 
Fig. 30, but drawn in an inverted position, with the top of 
the bracket downward, by which means the hollows, or 
curved portions, arc represented more fully than in the 
preceding figure. 

Let the pupil observe that, wherevei' the thickness of the 
bracket is measured, it measures in all parts the same. 
Thns the diagonal lines a c,d b,g h,p }i,o m,s »', etc.,an 
measure the same- 
Fig. 32 shows the outlines and mode of drawing a plain 
and regular trefoil, which ia an architectural ornament dis- 
posed in three segments of circles, being a conventional 
representation of three-leafed clover — which is, botanically, 
a (re/oil plant- 
Observe that the points i, 2, 5, which are the centres from 
which the front curves are drawn, are at the three corners 
of an equilateral triangle; and that the points .^5, C, from 
which the visible portions of the curves of the farther sida 
are drawn, are also at the comers of an equilateral triangle, 
one diagonal space distant from the fi'ont corners. 

Fig. 33 shows the same trefoil as Fig. 32, but it is here 
cut into and through a cylindncal plank four inches in 
thickness, and thirty-six inches in diameter. Observe that 
a and b are the central points for describing the outlines of 
the cylinder. 

Fig, 34. Hero we have a quai terfoil of the same dimen- 
sions as in Fig. 28, but here placed w-ithin a cylinder of the 
same dimensions as that shown in Fig. 27. Observe that 
the central point of the front end of the cylinder is tj and 
that from this point, with a radius of eleven inches, wc de- ( 
scribe a circle which touches the convex front edges of th& 
quarterfoil; from the same point (, but with a radius twOi 
inches greater, we describe another circle; and thus g«U 
the front face of the cylinder. In this manner the inclosing 
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cylinder ehouW first be drawn; then the four central points, 
a, b, (?, d, of the front face of the quarterfoil, should be desig- 
nated at the four cornere of a diagonal square. These points 
mast be taken according to the size of the quarterfoil that 
can be drawn; but it will be observed that ihoy are nt 
equal distances) vertically and horizontally, from the central i 
point t. The point x is taken the same as in Fig. 2T; and, 
the points w, a;, j/, z; the same as in Fig. 28. To get the fulli 
effect of this drawing,view it through the opening of the; 
partially closed hand. (See page 50.) 

pnOBLEUS FOK FRACnCE. 

1. Draw a bracket sUnilar lo Fig. 30, bat of llie fullaiviug dlmeiuionsi J 
height of bmckd, fnrtj inclies; projei^doii, 26 inches; thickness, falU I 
inches; the fonn of Carres, etc. , according to jail) 

2. Draw the same inverted, tamilar lo Fig. 31. 

3. Dnii* a trelbil oa the basis of ■ triangle of ihirtj-tvm inches to a ude; I 
make it eight inches in diagonal depth or thickness ; and let it have vaUt, M 
which shall be two inches thick, simiLir lo the iralls of the quarterfoil in ■ 
Fig. 28. 

Blaclcboard Exercisea. — ^The foregoing problems. 

PAGE FIVE.— SCALE OF TWO INCHES TO A SPACE. 

Fig. 35 is a conventional leaf pattern, drawn bo as lo I 
represent four leaves whose central surface lines form the I 
diagonals of a square; tbea these leaves are represented as f 
being four inches in thickness, the nndor sides of the leaves ] 
being of the same form and dimensions as ibe upper sides. 

First ; the outline of one side of the upper or front gur- I 
face of one of the leaves, say J , is drawn according to judg- 1 
Qient. Then it will be easy, as shown in Book No. L, to I 
draw the other side symmetrical with it by the aid of the ] 
ruled paper. Thus the curvilinear outlines of the leaf j'l, ] 
on both sides of the central line, are a little more than one I 
space from the point a; nearly three spaces, on both sides, 
from the point b; four spaces from the point c; three spaces 
from the point d, etc. In this manner the outlines of the 
opper surfaces may all be accurately drawn by the hand 
alone. 

Kext: we Lave to draw the visible portions of the out- J 
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lines oflhe ondev or farther sidea of the leaves. If n-e take 
any point, »s S, io the leaf A, the point directly opposite 
to it, on the farther aide of the leaf, mnst be just one diag- 
onal space froni it— itiat is, its opposite point must be seen . 
at 4) f-^^ point opposite o must be seen at 6; the poiot^ 
opposite T, the end of the npper side of the leaf, mnsC be atM 
/», which latter point is the end of the lower side of tbe 1 
leaf. In this manner we may designate as many of the 
visible points of the lower edges of the leaf as we may de- 
sire; and then we have only to draw the curves through 
thorn to have the oatlinoa oflhe nnder aide oftheleaf, so far j 
as they can be seen from our point of view. In the leaf. I 
marked A, the extreme point of the nnder side of the leaf n ^ 
Bcen at ^, one diagonal space from r; in the leaf _B, the 
extreme point of the under side of the leaf is seen at m, one 
diagonal space from a; in the leaf i>, the extreme point 
of the lower side ia seen at A, one diagonal space from ff; 
and in the leaf C, tbc extreme point of the lower side of the 
leaf is at a*, one diagonal space from o; and therefore it 
could not be seen unless the leaf were transparent. Thus 
the pupil will see what portions of the lower edges of these 
four leaves must be visible, and how he must draw them; 
and if he will remember that any point on the farther side 
of a vertical object put in cabinet perspective must be in a 
diagonal direction from its corresponding point on thofl 
nearer or front side, and will regulate the distance on thra 
diagonal according to the scale adopted, be will find littlefl 
difficulty in drawing any solid curvilinear object. "■ 

Fig. 36 is the same as Fig. 35, only shaded to show tbra 
form distinctly. "* 

Fig. 37 is a solid isoacelea* triangle, eight inches in thiob- 
nesfl, as ropreBenled by the diagonal lines 1 3,7 3, and 9 10. 
Let it bo understood that the face, J 7 0,oi the triangle is in 
a vertical position, fi-onting the spectator. This face, then, 
presents to our view its natural proportions, and is meti>4 
urod in any direction by the measurement given to the ver*i 
ticaland horizonlaUinosof tbo ruling — two inches to a spacBfl 

i nitotctlt$ ttlflngle 1b one whitU hna ontr Iwo fides equal. m 



CABINET PEESl-ECTlVi; — CCKVILISEAE BOUBS. 125 

Taking the length, a 7, with the compasses, and applying it 
to the ruled lines, we find that a 7 is a little more than twen- 
ty-eight inches long; and we find in the Bame manner that 
the base, 1 9, is about seventeen inches long, aa nearly as it 
can be measured by the compasses.* Let it be noticed here 
that the rule of rfia^oHo^ measures docs not apply to any 
lines whatever on the surface, 1 7 0; because i 7 9 is here 
supposed to be a veftical surface fronting the spectator, i 
and not a horizontal surface. See Rule, page 85. Observe 
that the point on the under side of the triangle, opposite to I 
1, is seen at £/ the point opposite to 3 is seen at 4/ the 
point opposite to o is seen at 6/ the point opposite to 7 is 
seen at S, etc.^all ia the direction of diagonals. The farther. 
face of this solid triangle, being also in a. vertical position, i 
must measure the same as the front face. I 

Fig. 38 ia the same in fonn and measurement as the pre- 
ceding figure, but inverted ia position. We here see the 
base, J S iO 0, quite fully, but no portion of the sides. 

Fig. 39 is a curvilinear quadrangular solid, supposed to 
be placed with the front side in a vertical position. It 
measures thirty-four inches between the opposite angles — 
aa from 1 lo S and from S to 4, and ia four inches in thick- 
ness. The onrvilinear sides of the front surface are described 
with ft radius of six diagonals, or about seventeen inches, 
from the four angles of an erect square ; and the carvilinear 
sides of the farther face are described from the four angles 
of another erect square of the same size, whose corners are 
one diagonal space from the corners of the firet-mentioned 
square. Observe that no part of the lower left-hand side or 
edge of the solid is visible ; but the dotted line, a t, shows 
its position on the farther face of the solid. 

Fig. 40 is the same curvilinear solid that ia represented in . 
the preceding figure, but the sides of the front face are here 
described from the four angles of a diagoual square. The 

" The exact lerglha of tlie lines n 7 nnd 1 S can bo faimd, inaBlnach RS 
Mch forms the liyiratlicnuse of a riglit -angled triangle, which the ruling on 
Ttio jiflper will show. In cnlciilaling llieir lengihs, it « ill be funnd that a 7 
ia a Uiite more than twcnij-eigltt iachcs long, and thot i 5 ia a meio frac- 
lion leH than KerentMn inches. 
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within another. Aa the fi-ont edges all lie in tJie same 
plane, they are all deecribed from the same centre, a, each 
rim beiog made two inches in thickness. The further edges 
of the lim are likewise in ono and the same plane; and as 
the rims are four inches wide, they must be described from 
a point, b, one diagonal space from a. The lines crossing the 
front edges of the rims all radiate from the point a. 

Fig. 43 represents the side walls of a beveled tub, whose 
vertical height, when placed on its bottom, is sixteen inches; 
extreme diameter across the top, twenty-eight inches ; and 
extreme diameter across the bottom, forty inches. 

The top of the tub being supposed to be in a vertical plane 
fronting the spectator, and c being its central point, tb« 
outer circle of the top is described from c, with a radin*,- 
c a, of fourteen inches ; while the innei" circle ia described 
with the radius, c g, of twelve inches. 

Now, as the tub is to be sixteen inches in extreme height 
(or depth), we take the point x, four diagonal spaces from c/ 
and the point a: is then the central point of the bottom of 
the tub. Hence, with a; as a centre, and with a radius, x S, 
of twenty inches, we describe a circle for the outer circum- 
ference of the bottom of the tnb, thus making its diameter 
forty inches. With a radias two inches less, wc describe 
from X the circle for the inner circumference of the bottom 
of the tub, which gives ira the visiblcpavt, (?a/, ofthis inner 
circumference of the bottom. The Unea r p and m n are 
drawn tangent to (that is, touching) the outer cii-oumfer- 
ence of the top of the tub, and the outer eircnmference of 
the bottom of the tub. 

Suppose, now, that we wish to put eircnmference lines 
around the tub, and passing through certain points, 3, 4, 
and 6, of the surface. In the same proportions that the line 
i & is divided by the points ?, 4t '^^ ^i divide the asis line 
c a; by the points i, 3, and £ ; then, with one point of the 
compasses in the point J, and the other extended to the 
point 2, describe the first carve; with one point in 3, mid 
the other in ^ describe the second curve; with ono p 
5, and the other in 6, describe the third curve. Ttie 
portion of the inside of the tub is viewed so oMiqucl;- 
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IlA Wtdmt portion, t i,ia hardly one tlurd of the a 
eiU'ittof ^ A/ KltLough both are, iaTcsIhy,itftiies 
U'tit. lliia figure ihould be riewed fiDm above, and «■ tl 
right, thruujjh the partly closed hand^wikeii U ~~ 
be vary striking. 

Kijf. 4t rc-pK-ficuls niue cyliiiderc, c-adi fonte^ iDdhes fat 
f Klrcnu: diaiiKrtvr, four inches id depth, and vaUs one uA 
ill tliickiic*-, |/itced in three rows fonnuig a equsn^eo tlaX 
thfi oyliiiilcri touch one another. 

Vig. 40 rcprosenti one of the etones &om a cirred monld- 
itl|[. It meaMircD thirty-eight inches in height, twentj^^x 
ilKthea in hreadllt, and twenty-four inches in thtcimest as 
mmuanH any Mhvrts diagonally. In making a wottii^ 
drawing of such a figure, certain measurements canbegiren 
deiiiiilfly fur dir4?<lioiiK to the etone-cuttcr — as the h«glit, 
thii hruoillli.thc distance fioni t> to II, from Jl to 9, from 9 
lodf- the ■Jzoorthceemicirclc described from <-, etc; and all 
thefiO niuHiUruiiieiilN will appear accurately in the drawii^. 
Tbfin tliti i^urvc, S /> 7 il, may be drawn fo as best to please 
ths tyte. Having tliis drawn, the corresponding carve on the 
opf}0«lt« Bide muHt he drawn, in all its parts, at a diayontU 
dialance from llie first cur^-ft representing twenty-four iocbes. 
Thuii all the diagonal linos, such as ^ 6, 7 8, etc, that can 
bfi drawn nenuM tlie face of the carving, mast measnrc pre- 
riiely the iiainB as the lines c x, 3 4,9 JO, II 12, etc.; I 
all alike mciuure the thickness of the stone 

Fig. 44 in a conventional heart-shaped solid, sometimeil ii 
need in arehitectnral ornamentation. 

The twinta a and b being taken vertically above « and ^ 1 
a aultable diatance, according to jncigmcnt, the face of oi 
hair of the figure must be drawn by the guidance of the eye 
alone, but making the KidOt of the face the same throu^i- 
out, execpt where it varies slightly at or near the two ex- 
Irumitic*. It will then be easy to make the face of the oth- 
er half symmetrical with it, according to directions given J 
in Book Xo. IL Then, if the thickness of the ornament igj 
to be four inches, or one diagonal, the diagonal width of tfal 
drawing is determined in the same manner as in the pra 
ceding fignr& 
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PKOBLEMa FOR PKACTICE. 
Eva qaarter-sactioua of the rims of wheels, similar in nil ro- 
bat plaecd in tbe upper riglit-hnnd iiimnei' of ilia 



2.Dr>w the outliuea of a bottamloss tub simikr tuFi£.43, but of the fol- 
loirinB dimeneions. Extreme upper (ftont) diameter, tnentj-four ieulies; 
verticnl height, measured on the qtIs of the tab, tweuty-foar inches; ex- 
treme diameter of bottom of tiid, thirty -four inches ; thiikness of wall?, ona 
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PAGE SEVEN.— SCALE OF TWO INCHES TO A SPACE. 

Fig. 47 represents a cubical block, twenty-eight incliea J 
square, Laving Bemicireular grooves of four inches' raf" 
running diagonally tbrougli the centres of its upper, lo' 
and right and left hand sides, with a. circular aperture of I 
four inches' radius running from the fi'ont face diagonailyJ 
through the centre of the bloct. 

Observe that the centres a, b, c, d, e,f, from which thel 
Bcmicircles oti the front and on the farther side are de-J 
Bcribcd, are situated at the middle point of the edges of the 1 
cube, just where they would be placed for marking out tha 1 
semicircular grooves on the real cube. 

Figs. 48 may be supposed to be cut out of a block twen- 
ty-eight inches in height {mn or c £r) ; twenty-eight inches 
in depth (m o or ef) ; and thirty-two inches in width {m e 
or n g). The figure consists of a frame-work having four 
corner posts of two by four inches, supporting a half-cylin- 
dcr above and one below, with their concave surfaces out-J 
ward, the whole out out of the block. The thickness of the | 
walla of the half-cylinders is four inches. Their seinicireulap I 
ends are described from the points a, b, c, and d. The pointJ 
(f, for describing the farther end of the lower half-cylinder, T 
must evidently be at the middle of the farther lower edgeT 
of the block, just as c is at the middle of the front lower I 
edge. But c is eight spaces, horizontally, to the lefl of tboJ 
corner^/ so must (/be eight spaces, horizontally, to the left's 
of the corner A, If the pupil will carry out all the nieasj' 
urementa, just as they are in the real object, ho will § 
Fa 
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BLDuld first be traced ligliLly, and only filled in firiuly wlien 
the positions of all tlio parts ave distinctly seen. 

PROBLEMS FOE PT.ACTICE. 

1. Draw a \Aock the Eame in she as Fig. 4T, bat irilh semiI^i^cular groovel 
of eight iacbcs' radius tnken out ccuti'Dlly and diagoniUlj through four of 
tlio sides, OS ia Fig. 47. 

2. Draw a ligure similar to Fig, iS ; but let Ibe height uf the front be 
tweatf-^ight iochea, ita width twenty-four incboa, and the dingonaldeptb of 
the block twenty inches ; let the greater corvea of the semicircular grooves 
be Etruek with a radius of ten inches, nad the lesser curves with a, radius of 
eight inches. 

3. Draw a solid cvliniier of sis inches' radius, and twenty-four inthes' di- 
agonal length, and lot it rest ceutrallj npou a diagouol plolfbrm twelve 
inciiea wide in front, fonr inches thick, and twenty-four inches' diBgonnl 
length, so that the cuds of the cylinder ahall be even iviih (he ouds of the 
platform, 

Ulackbuard Exercises. — ri!,fa. 48 and 50, and piobloms I 
and 3. 

PAGE EIGHT.— SCALE OF THREE INCHES TO A SPACE. 

Fig. 54 represents a wheel eleven feet and a balf in ex- 
treme diameter; rim, thirty inches wide and six inches 
thick; the cylindrical nave or hub, four feet in diameter 
and thirty inches in length ; and having eight flat spokea 
or radii, eacb six inches thick, and the same width as the 
rim and hub. 

The foregoing dimensions being given, we proceed in the 
following manner to make a drawing of the wheel. 

l8t. Taking x as the centre of the vertical front face of 
the wheel, with a radius, x a, of five feet nine inches', de- 
scribe the circle abed for tha circnmferenec of the wheel, 
being eleven feet and a half in diameter. 

2d. Six inches within the circumference, with the mdiuH 
ic e, desoribe a circle, which, with the former, will give the 
thickness of the rim — six inches. 

3d. With the radinsa:/,oftwofcot,dL>Bcrilff a circle for the 
circumference of the hub, four feet ; and with the radius a; ff, 
of one foot, describe a circle for the cylindrical opening which 
is to receive the axle, which ia to be two feet in diameter, 

4tb. Trace lightly the verli<-al, Imnzmital, and diagfinal 
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Observe with what acourat-y all tlie parts, in a^^coi'dancoj 
with the scale laid down, und with the priiieipiea of repre-B 
scDtation adopted, maintain tticii- correct meaBui'enients, the I 
same as in the rea! object, thus all measurement a at right ■ 
angles across the outside or the inside of the vim of the iraf fl 
wheel, and across the outside or the inside of the hub, meii^iS 
ore the same, thirty inches. So, aUo, in the drawing, all ih^'fl 
(liagonaliinea across the rim or the hub — as 1 ^,3 4,3 6,7 8^ 
V If, etc. — measure precisely the same, five diagonal Fpaue^ I 
or thirty inches. fl 

Let this wheel he viewed as directed on page 50. Thai 
pupil should not only draw this wheel, but also one of a di&'l 
fcrent size, and with the spokes arranged differently. I 

PKOBLEU FOli PKACTICE, ■ 

1. Draw a wheel, similar 10 Fig. I3t, of tbc Mowing diinanaions : Kit^fl 
(rcme diameter, ten feet Had a. half; rim, ttiitiy-iiix iacbea nddc and threev 
inclies thick; the cjlindi'icul nave, or hub, thii'ty-six incboa in diamuter, M 
three inches in thickness, and thirtr-eix inched in. length ; and hnviDg eight ■ 
flat Bpokea or radii, each three inches tliiub, and (he mime width na the rim' I 
and hub. ■ 

Iilac?cboard Exei-cise. — Let the pupil plan and draw a 1 
wheel similar to that described in the problem, and of such 1 
size as the board will permit, I 

PAGE NINE.— SCALE OF THREE INCHES TO A SPACE. 

Fig. 65 represents a wheel eleven feet and a half in eic- 

» treme diameter; extreme width of double rim and double 

hub, four feet; thickness of rim, three inches; extreme dl- J 

ameter of the hub, four feet, and diagonal extent of the twoifl 

' parts, four feet ; thickness of rim of the hub, three inches ;« 

thickness of the broad paddlc-like spokes, three inches, and 1 

width four feet. I 

This figure consists of two similar wheels, the second being \ 

placed immediately back of the first, and each having iia ' 

separate rim and hub,but the two being united in one wheel 

by the broad paddle-lifce spokes, which are common to both. 

Ist In drawing this figure, di-aw the front wheel first, in 

the same maimer that Fig. 54 was drawn — w being the cen- J 

, tre of the front face of the wheel, and x I'lo centre of iV^ol 
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opposite BiJe. Draw the circles lightly with the coiupasseaM 
then draw lightly, in like manner, the front and rear circleafl 

"■ of the farther wheel, from their centres y and z. ■ 

2d. Observe that the eight broad spokes are arranged ivfl 
a manner different from those in Fig. 54, there being norfl 
spokes on the diagonal lines 5 12 and T a; and we have4 
placed none on these lines, because, in these positions, therS ■ 
could be no eide view of the spokes that are in the direotiofr J 
of 5 iS, as there is none in Fig, 54, This is, therefore, a bet-^ 
ter arrangement of these portions of the wheel. "^ 

3d. In order to arrange the eight spokes equidistant from 
one another, and intennediate between the centrally verti- 
cal, horizontal, and diagonal lines of the wheel, first draw 
these lines lightly, and mark their points, as 1,3,5,7,9,11^ 
etc., on the circumference of the front face of the wheel };■ 
then take the points 2,4,6, 5, 7(5, etc., intermediate betveea | 
thorn, and connect the opposite points by light lines passing 
through the centre, w. On each aide of these latter lines 
lay off half a space (an incli and a half), and draw lightly 
the lines which determine the front width of the spokes. 
Each pair of these lines passes equidistant on both sides of 
the centre, w. The extreme ends of the spokes are then all I 
drawn diar/onally across both parts of the rim, and the oth— i 
er ends of the spokes are drawn in like manner across both I 
parts of the hub. The dotted continuations of the lines shoir 1 
whei-e the linos would appear if the parts which obstruct | 
the view were transparent. 

Observe how the broad spokes are let in, centrally, be- 
tween the two lima which compose the hub, and that they 
are let in the exact depth of the rims, three inches. The 
portions thai .ire let in are, therefore, continuous with the 
inner sides of the rims of the hub. Evorypart of tliis wheel 
will Bhow beautifully when viewed as directed on page 50. 
If the pupil will be careful to have all the measures cor- 
respond with the measures of the real wheel of the given di- 
mensions, and will connect those points, and those only, that 

_are_ connected in the real wheel, he will have no diflicnity 
rawing this, and al! similar representations of real oh- 
[jiritb mathematical accuracy. 
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PAGE TES.— SCALE OF THREE INCHES TO A SPACE. 

Fig. 56 is a drawing of what Is culled a ci-ow7i'-wheelf,% 
whicli is a wheel with coga or teeth cut out of the rim, and 
Bet at riglit angles to the plane of the whetl. See a differ- 
ent representation of this same wheel in Fig, 23 of Book 
No. IV. 

In this figure the ends of the projecting cogs or teelb, 
thirty-two in number, form the vertical ii'ont face of the 
wheel, whidi has to for its centre ; and the ostrenie diameter 
of the wheel— i 6 or 3 ?— is eleven feet. The rim, including 
the teeth, is thirty inches wide aud three inches in thick- 
ness, and the cogs are one foot in length ; the four supportr 
ing arms (or spokes) of the wheel, which are six by twelve 
inches, are set back even with the farther face or side of the 
wheel, and are back eighteen Inches from the ends of the 
cogB : X is the centre of the farther vertical side, and hence 
M X, the pi'oper asis, is thirty inches in length ; but v a 
axis of the short huh, is only twelve inches in length. The^'l 
hub ia eighteen inches in diameter, as measured from m to «,■ ' 
and its rim is three inches in thickness. Through the bub 
passes an axie on which the wheel turns, twelve inches in 
diameter and sixty inches in length, having s t for its axis. 

let. In drawing a figure with the dimensions given for 
this wheel, first take some point, aa lo, for the centre of tht 
front face, and with a radius, u ^, of five and a half feet, dd^^l 
Bcribe the outer front circumference of the circle of cogajl 
and then, with a radius three inches less, describe the innec J 
front circle, which gives the thickness, three inches, of tha ] 
coge. From x describe two like circles for the farther edge J 
of the rim. 

2d. Divide the front circnmferenou into eight equal parts^ 
by the dotted vertical, horizontal, and diagonal lines, radUj 
ating from the centre, w; then, with the compasses, uakefl 
eight equal divisions in each of these parts, which will givw 
to ench part four etjiial cogs, with spacca between them ofij| 
the same width as the cogs. 

3d. As the cogs are to be twelve inches in length, tak^l 
the point y. twelve inches diagonally from to, and with the* 1 
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I I.. .,' npM-riil'i flin l.icr or siilci of a ratchet wheel, a 
^\lllrl ^^llMll iii» teeth like those of a eircular saw. The 
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r teeth may be either long and sharp-pointed, or ehort and 
moi'e blunt in appearance; but in either case the inner 
edges of tlie teeth are not directed toward the centre of tha 
wheel. 
1st. This figure represents the face or side of a wheel fifty- 
four inches in extreme diameter, having x for its centre. 
After describing the outer circumference, take a.ny required , 
distance on a diameter, as 3 d, and from ar, with the radiuB j 
a; rf, desci-ibe the circle rfe/, which is to limit the length of ] 
I be teeth. 1 

2d. Divide each quarter of the clrcuniference into as many 
equal spaces as there are to be teeth in it. From the centre, 
£e, desciibe an inner circle, aba, large or small, according to ' 

I the amount of hevel that is to be given to the teeth, 
3d. From the points of division in the circumference, as 
3,3,4, etc., draw lines taiigent to (touching) the inner cirale, 
nt" seen in the drawing — such as 3 a, S c, etc, ; and also, 
from the same points of division in the circumference, draw i 
the tooth lines 3 ff,h o, etc., intersecting the former tangen- | 
tiai lines on the second circle. But the drawing itself will 
explain every thing that is needed to be understood. ' 

Fig, 58 represents not only the side view of a ratchet , 
wheel, but the dimension?, also, of all its parts, in length, | 
breadlb, and thickness. j 

Fig. 58 represents a ratchet wheel twelve feet in extreme 
diameter, having a i-im fifteen inches wide and six inches 
thick, into which thirty-two teeth are cut, to a depth of nine 
inches. It has a hub forty-two inches in diameter, with s { 
central cylindrical opening for a shaft, or axle, twelve inches | 
in diameter: and twelve spokes, of three by six inches, and 
^^k thirty-six inches long, set at eqn.il distances apart, connect 
^^M the rim and the hub. 1 

^^m let. Here x is the centre of the vertical front face or side ' 
^^M of the wheel, and y the centre of the farther side. As the 
^^H circle 1111, described from .f, with a radius of six feet, 
^^H limits the points of the teeth on their front face, so the circle 
^^B $ S S 3, described from y, witli the same r.tdiiis, limits the 
^^B points of the teeth on the farther side of the wheel. There- ■ 
^^H fore, if we divide the outer circurnrerence,i/ii,intoUat!t<j,- J 
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i. Projecting from the centre of tbe circnmferenec of 
each di'um, at right angles to the axis, are eight spokes oi 
levers, three inches by four inches in size, and with a pro- 
jection often inches beyond the drum. 

A smaller shaft, or axle, YY, six inches in diameter, pro- 
jects, centrally, sixteen inches beyond the ends of the largt 
shaft, and, immediately beyond the ends of this larger shaft, 
rests in two bracing supports, each eight inches wide, fitted i 
to receive the axle. 

At A the front drum is drawn separately, together with 
the end of the shaft and the projecting axle, but withoub 
the spokes or level's, and witliout the Bupport in which tho 
axle rests. Here a is the centre of the axle, where it con- 
nects with the shaft, and also the centre of the end of the 
shaft, while 6 is the centre of the front face of the<3runi, and 
c the centre of the farther face or side. 

At .^ is a separate drawing of the support in which the 
front axle rests. The timber forming tho base in which the ■ 
braces rest is forty inches in length, four inches in vertical 
thickness, and eight inches in width. The supporting braces 
are two by eight inches, and about twenty-three inches in 
length above the base. The tie-brace at the top is cnt out 
in a semicircular form, sis inches in diameter, to receive the 
axle. 

At C is a representation of the drum, Tl^ with the epokcs 
in their places. It is here drawn separately for the purpose 
of showing the method of placing the spokes accurately in 
the centre of the cylindricalsurfaceof thedrura, Thisdraw-. J 
ing may be made in the following order: I 

Isl, Take some point, a, as the centre, from which, with a. I 
radius of fourteen inches, describe tho circumference of the I 
nearer and visible end of the drum ; and from d, twelve I 
inches diagonally from a, on the axis, with the same radius, I 
describe the farther circumference, only half of which is via- I 
ible. 1 

2d. Now, na the spokes to be inserted are throe inches I 
wide on their face or front side, and four inches diagonally, M 
they mnst be inserted in the central l/ii>-d portion of the,*! 
cylindrical surface of the diiim. We therefore, t^V-t a ^M 
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through the points o, 3, 1, S, ic, y, etc., thus limiting the di- i 
agonal width of the spokeB, Suppose, now, that the corner | 
face lines of the spokes, aa t; e, 16 r, etc., extend to the nearer 
face circle a 8 x. From the interaectioDa of these co 
lines with this nearer face circle, giving the points (, r, v, z, x, 
etc., we draw lines diagonally, as t v,r s,e l,v v>,x i/, etc, 
which give as the side boundary-lines of the ends of the 
spokes. 

6th. The lines 16 17,11 18^12 19, etc., showing the i 
tersectiona of the sides of the spokes with the surface of tlio 
drum, we also draw diagonally — for all lines that are par- 
allel in tlie real wheel mvst be parallel in the di-a\eing. 

The outlines of the spokes are thus completed— all accu- 
rately drawn in their proper places, as projecting from the . 
central third part of the surface of the drum. 

At D the several parts described In the sections A^ B, and J 
C are put together, resting on a timher platform. Let tho | 
pupil verify the following measures according to the scale. 

1st. The distance, x y, between llie drums, is fifty-six 
inches. The distance, c (?, on the axis, between the centre 
of the inner faces of the two drums, must give the siini 
measure. 

2d. As each clrum is twelve inches in thickness, the dii 
tance, r z, between the outer faces of the drums, must be \ 
eighty inches. The distance, 6 g, between the points on 
axis, from which the circumference of these outer faces are 
described, must give the same measure. 

3d. As the large shaft extends four inches beyond the 
extreme faces of the two drums, the length of the shaft, 
whether measured diagonally on its surface or on its axis, 
must he eighty-eight inches. The farther end of the large 
shaft is concealed from view, but its position can be easily 
determined by counting twenty-two spaces diagonally from 
the point 5. 

4lh..Aa the tops of the bracing supports of the axle are 
in immediate contact with the ends of the shaft, the dis- 
tance between the inner faces of the tops of these supports 
must also measure eighty-eight inches. . 

5th. Aa each of the bracing supports is eight inches iaj 
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CABINET PERSPECTIVE ^jnSCELLANEOrS 
APPLICATIONS. 

I. DIFFERENT DIAGOSAL VIEWS OF OBJECTa 

In the precediug two books on Cabinet Perspective, ob- 
jectB have been represented not only as viewed diagonaUt/, 
with their principal surfaces in vertical and horizontal posi- 
tions, bat as viewed diagonally from one particular point, 
which point is supposed to be diagonally at the right of the 
object, and above it. But although, for the purpose of 
avoiding confusion, it is best to represent all objects from 
this one point of view whenever it can be done to advan- 
tage, yet objects may be represented diagonally in cabinet 
perspective equally well from any one of /our points of 
view, as will be seen from the drawing on the first page of 1 
Book No. IV. I 

PAGE OSE. I 

l8t. Upper right-hand view. — In division A the objects ] 
am represented as viewed diagonally from abom, and at the I 
right, the same as in all the drawings in tho preceding two ] 
books. The arrow, m, is represented as coining from the po- j 
sition, at an infinite distance away, from which the objects j 
laA are viewed. I 

2d. Zower right-hand vieic. — In division S the objects are I 
represented as viewed from lelow, and at tha right/ and I 
here the arrow, n, is represented aa coming from the posi- I 
ttoD, at an infinite distance away, ft-om which the objects I 
are viewed. It will be observed that the bracket^f.jVi.'M:^. J 
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represented in its true poeition fron 
taken. 

3d, Lower left-hand view. — In division C the olyects sxoM 
represented as viewed from beloic, and at the left; and hers 
tbe arrow, o, ia represented aa coming from tlie point from 
wbicli the objects are viewed. 

4th. Upper left-hand vieie. — In division D the objectVl 
are represented aa viewed from above, and at the the Ifjt'/V 
the arrow, p, being i-epreaented as coming from the positioD^j 
at an infinite distance away, from which the view ia takeib 

Thus two of the views are represented aa taken fro 
above, one from the right and the other from the left ; anff 
the other two views are represented as taken from behto,MM 
like manner. lu this way we got inside views of the 
of the four bracltets; but ali of the bracliela might have 
been drawn equally well according to the plan of diviaion A, 
if they had been placed in proper positions for the purpose. 
In A the bracket, e, is inverted, for the porpose of showing 
to the boat advantage the inside curves; and the brackeUJ 
/", ff, and A might have been drawn in similar positio 



II. GROUND-PLANS AND CABINET I>LAN8 OP ' 
BUILDINGS. 

PAGE TWO.— SCALE OF OKE FOOT TO A bl'ACE. 

Fig, 1 is the gronnd-plan of a building, whose outer walls, 
one foot in thickness, embrace an extent of eighteen by twen- 
ty-six feet. It will be seen that the lined paper is admira- 
bly adapted to gronnd-plana or aurface representations, as 
it is only necessary to adopt any convenient scale, when 
the plan may be laid down with perfect accuracy without 
any measurement, by simply counting the Bpatea, In i 
ground-plan, like Fig. 1, we can show the position and thiol 
ness of the walla and partitions, and the width and |)o«iti(}| 
of doors and windows, etc. 

Fig. 2 is a cabinet-plan of the walls, doors, windows, etOiA 
^g, I ; the whole being represented fi'om the foundlK 
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tioiis npwai-d to the extent of three feet. Observe thai nil 
the measiires in Fig. 2 are the same, according to the acnli'* 
adopted, and tlie principles laid down for cabinet dniwin;.', 
33 in Fig. 1. Thus, in Fig. 2, the length of the pide wall, 1 ?, 
is twenty-six feet ; and ihc distance, 1 ^, is eighteen fuet — 
the same, in both cases, as in Fig. 1. But in Fig. 2 it is 
shown that the windows iu the front room come down with- 
in six inches of the bottom of the wall, while those in tho 
back room come down to within two feet and a half of the 
bottom of the wall. These arc features whidi can not be 
shown in a ground-plan. 

Fig. 3 is another ground-plan, representing a building 
with two rooms, one fourteen by sixteen feet, and the other 
thirteen by sixteen. The position for a stair-way is given in 
a corner of tho large room, and the position for a shelf is 
given in the other. Kectangiilar openings for fire-places ' 
arc also given in the partition wali; but we can not show 
any thing more than a mere ground-p\aa in this kind yf 
drawing, and must look to the next figure for any thing like 
details. 

Fig. 4 is a cabinet view of the ])lan of Fig. 3, Pmbi'SciOg 
not only the ground-plan, bnt the walls, bench, stair-way, 
platform to entrance, etc. — ali, in fine, that belongs to the 
plan of the building, to Ihc extent of three feet above the , 
stone foundations, while the height of the stone wall above i 
tbe earth is shown also. 

In making a drawing of this kind it is best to begin at 
the top, and work downward, tracing every thing lightly at 
first. The walls m.iy be made of any desired height; and 
the only objection to making them lhv\r full height is that 
the front wall will then obscure the rear wall. It is well, 
Bomelimes, to draw the front wail ami the vighl-hand wall 
only two or three feet high, and represent the other two of 
their full height, with beams, joists, etc,, projecting a short 
distance from thorn. Or any section of the building may 
bo represented sepai-atoly, and a scale larger than that used 
for the walls may bo adopted for portions that i-eqaire it 
minute representation. In this manner the most elaborate 
bnilding may be fnlly I'epi-eseiiled, even tu the most minut» ' 
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I ^f f)i'' 'ifli'T ■•«. iii«lov mIoo:-.-. i'U-..hv. similar, in size and po^^it ion. to those 
ifi in* 1 

I'AriK TUHKK. SCALK OF ONE FOOT TO A SPACE. 

Kii<. r. JM i}i(» ^roiinrl-plan of a building twelve feet in ex- 

Uvuu* wi<lth, nn<l Mil rty four feet in length, with a platform 

'••nnco to ilic front of two hy nix feet, and three steps, 
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each a foot wide, ascending to it. There are two room h, J 
each ten by twelve leet, willi a hall betweeu of six by leii I 
feet, and openings four feet wide in the partition wallx, for I 
eliding-doora, leading fiom the hall into the two rooms. Tlib I 
jambs of tlie fire-places bevel outward. At A the ground- 1 
plan of tlio fire-places is drawn on a larger scale, showing 4 
the exact bevel of the jambs. 

Fig. 7 is the same aa the preceding ilgwre, here changed 
to the cabinet-plan, and drawn to the same scale as Fig. 6. 
The groiind-plau of the walls represented in Fig. 6 ia, in Fig. 
J, transferred to a stone fottiidiition, wliiuli ia raised one foot 
above tlio ground at the corner 1, and two feet at the comci^l 
S and 3. Hence the front steps, wliich have six-inch riRcr^ 1 
and one-foot tread, must rise a distance of two feet. 1 

At jB is a cabinet view of the fire-place, drawn to th» I 
same scale as the ground-plnii in A. Observe how the fig- \ 
urea of the one correspond to the figures of the other in rel- 
ative position, and that the measures are the same in both. 

Fig. 8 represents a series of platform structures of different 
elevations. Thus, if we hegiu with the level at J, we as- 
cend toward the left an inclined or sloping plane nntil ivo 
rise throe feet, to the level of .fl^ Rising sis inches from I/, 
we step onto the platform G or £; four steps, each of six 
inches' rise, then bring iis onto the platform J or F; i 
sieps, each of six inelies' rise, then bring ns lo the level of ] 
the platform D. 

Now it would be difficult to ascertain whether £' is higli- 
cr than J) or not, if we did not know, or Jind out, the height 
of the box-like frame-work on which the flooring, E, reste, 
and likewise its projection beyond the sides of the frame. 
The size of this frame-work is sixteen feet square; and tho 
floor, hci'e represented as six inches in thickness, projectt J 
one foot on all sides, except toward 7?, where there is r 
projection. The frame-work (without the floor) rises fonr 
feet above the corners !> and 7, and six feet above the corner 
6. Hence the n]'per corncra of the frame-work would be 
a at the points 1 and S, the former fonr feet verticnll^ 
above 5, and the latter six feet vertically above G; and t 
olher corners at the points 3 and {, at the intersections of 
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At C ai-e the outline walls of .t building, the oiUfi- wallB'J 
being two feet in thiukness. At X is nevn tlic opening iutQil 
a pit, exteDiling dowoward below tlic flooi'ing. 

Observe that tlie window openings in the fVamo of A' are 
the same in relative position, niimber, sizi;, ctc.,on the right- 
liand side as on the front, and that there ia the same real 
widtb of window-sill i-epi^'sen ted on the right-faaod side as 
on the front. 

To master the drawing of the platforms in Fig. 8 — witl 
the projection of jE" on three sides, and no projection ti 
wai-d J> — with the arrangement of tlie posts, etc., the whole' 
should be drawn on a larger scale. 

PltOBLEir FOB PRACTICE. 

with tlie follo»-ing n 
lEBlB be liveiily-eevea feet sqiiarcj 
t feet, anJ from comer 6 eight feef.T 
in thiclinese, end one foot projec- 
tbere is to be no projection. 



Draw a Rgunj Eimilur to Fig. B, bi; 
the/.-aHi« on wliich the ftuuritig of J 
Height of frame From comers 5 and 7 1 
On this frame plnee a floor one fiiol 
scept toward II, 



Posts of platform E four feet liigli above Iloor, six by twelve indicf 
and arranEBilas in Fig. B, Fhitforais / uoJ /' six faoc wide, FlalfonnZ>, 
and steps ascending to it, eight feet wide ; and a suERcicnC number of steps, 
encb six inchoa' rise and twelve inehea' trend, for ZJ to be six inches below 
£ Top of railing of i> to be ei-en with lop of railing of E. T.et there bo 
fonr window openings, or recesses, in front, and (be eame number on aide 
of £, each tbree feet vide and four feet high, a foot and a half from tll«:~a 
lop of the frame; nnd let ibe depth of Ilie recesses be o 
window openings to have three feet space beWeen them, and those nea 
the corner* to be three fuel f.-om corners. In other rei|iects moke ti 
hir lo Fig. S, omilling C. 



III. CYLINDRICAL OBJECTS IN VERTICAL 
POSITIONS. 
The representations of circles, wheels, cylindei-s, etc., iafl 
cabinet perspective, liave thus far been made on the b 
Httion that the axes of the cylinders, etc., lie in a hoi-iKontAn 
position, although placed diagonally with refei-enee to lb* 
point from which the view ia taken; and the vertical cyliU 
di'ical ends have been drawn peifect circles, as though the^ 
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were directly in frotit of the spectator. This is tlie case 
with all the cylindrical objects reprcBented in Book Na HI, 
Thus, refemog to the cabinet cube for iUiisti'atioD, we ha^Q 
hitherto represented tlie circle as drawn on the front ver-g 
tical face of the cube. But if the circle were to be drawn o 
the obliquely viewed lop or aide of the cnbe, the circle woul^ 
have the Ibrrei of a particular kind of ellipse,* as the follow4 
ing illustration will eliow. 



I. ELLIPSES ON DIAGONAL BASES. 
PAGE FOUIl.— SCALE OF TWO nCCHES TO A SPACE. 

[N. B.— Tlie dedcriptioD of Fig. !) should I: e read ovor, but tiio fignreni 
not be drawn. ] 

Fig. fl. We have here drawn a cabinet cube of twcntjd 
spaces (forty inches) to the side, the neai^er vertical face on 
the cnbo fionting the spcct.ttor ; and on this front face on 
the cube we have described a circle tonchingthe centres on 
the four sides of the square. As this circle is drawn wiiK; 
a radius of ten spaces, the circumference will pass tfaror 
the inlei'seetions of the ruled lines of the paper marked S 
S, 10, 14,16, and 20,22,m^dii\tion to the points 0,6, 15, aui 
yi?, making tweU'e points in the intcrsectiona of the nik'U 
lines through which it will pass.f On the top, and also o 
the right-hand eide of the cube, we have also represented i 
cii-cle of the same size as that in front — the c i re u inference' 
. iu each case touching the centres of the four sides of tbt 
ill.igonal square within which it is drawn, and also pa 
ng through the corresponding points 2, i, S, 10, 14, 16, a 
SO,SS. The representations on the top and right-hand sidi 
of the cube are ellipses/ and a sufficient number of pointM 
in their curves may be known to enable one to draw tlnf 
curves with great accuracy. 

Thus, take the constrnction of the npper ellipse for illi 



"An ellipte is 



□vol or oblong figure, which corresponds t< 



n obliqna 



t A circle drawn wilh o rndina of i", 1(1, ].', 20, H.'i, or 30 spates, etcj 
will pnHE ihroiigh tnelie points in the inlersections of Ihe ruled lines, 
lA EUBceplibla af geometrical proof. 
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3 the upper sarface of the ciiba to coi'ro- I 
g on the front face. Then all the lines, J 
atid their intersections, on tiio upper aui-face, will correspond i 
to those on the fitjut face. Mark any reqiiii'ed number 
points on the front face, through which the circle passes, I 
and mark the corresponding points on the upper suriaeo, 1 
and then through these latter points draw the elUpse, and 
it will correspond to the circle. Thus, if the ellipses bo 
accnrstcly drawn, they will pass through the points S, 4i 
S^ JO, li, IS, 30, 23, etc., of Ihe top and right-hand side of the 
cube. Mora points may be taken, if required, and thus tho 
ellipses may be drawn quita accurately by hand. This 
mode must give an accurate cabinet representation of a cir- 
cle drawn on the top and side of a. cube. View the whole 
figure through the opening of tho partly closed hand for 
a half-minute or so, and the ellipses will gradually a|ipear 
as perfect circles. 

But the two side curves of each of these cliipsoa may bo j 
quite accurately drawn in the following easy manner. Sup- 1 
pose we wish to draw the ellipse in the cabinet square 1 
S C F E. Place one point of the compasses in the point \ 
B, and extend the other to tlie point a, the centre of the I 
opposite long side; and wilh the compasses thus extcndcdJ 
strike a curve aci-osa li F, the diagonal of the square, an^l 
dot the point h. Then, with one point of the compasses in] 
^and with the same stretch, dot the point </, cor respond ingn 
to h. With the compasses still spread as befoi'e, fii'st withl 
the point at x, and afterward at a, strike the cun-cs inter- 1 
sccting on the right at m. Then, witii ono point of the 1 
compasses in m, strike tho side curve a a; of the ellipse. It! 
may be prolonged in the direction of g to 7. Then, with I 
the points of tho compasses respectively in 13 and 12, the! 
centres of the other two sides, with the same sti-ctch as be>l 
fore, strike the curves that intersect at n; aud from n as a 1 
centre describe tlic other side curve 12 18, prolonging tho I 
curve to about the point 10. Half the distance from d toj 
B will give the point SI of the ellipse, on the diagonal jfl 
and half the distance from b to i^will give the correspond-^ 
ing point 9. The diagonal distance fi-om 9 to 2t \?, ^^^ 
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CiBISET rEnsrECTITE — IIISCELI.AXEOUS. 

vcitical cyliudcr, may be drawn after tlio manner first indi-~ 
cated in Fig, 9, by dotting points to correspond, in relative 
position, to the points marked on the cirulu belon-. The el- 
lipse 13 hero drawn in this manner, by dotting the poiiite, 
and then drawing the curve throngb them by liand. All 
the points in the ellipse that are aeciirately marked in this 
■way most he correct. As the circle, described with a ra-_ 
dins of ton spaces, passes tbroTigb the twelve points 0,2, ^S 
S, 10, 12, U, 10, IS, 20,23, so must tbe ellipse above it, if accT 
rately drawn, pass through the corresponding twelve poiut^ 
□umbered in like manner. 

Side Curves. — But tbe side curves, at least, of this and o 
ali similar ellipses, may be very accurately drawn by tht 
compasses in the following manner. Place one point of the^ 
compasses in ^'X, and extend the other to 6, the middle of 
right-hand side of the cabinet square A Ji C 2) {or place 
in Ji and extend to IS) ; then, still continuing the point in 
A, with the other point strike the central vertical line, 12 tT 
prolonged, in to. Then, with one point of the compasses i 
w, and the other extended to 12 above, describe the cuni 
9 12 15. Then, with one point in 6',and the other extended 
to 18 (half way between A atid D), strike tbe lino 13 p 
longed above 12, for the point on tbe opposite side to c 
respond to the point wy from wbicb point, tbus found, a 
with the other point of the compassea extended to 0, d4 
scribe tbe curve 3 31. The two side curves will thus b 
drawn very accurately. 

Mid Curves. — The end curves may bo best drawn 1_ 
hand, in the following mafiner, by the aid of guide circle^ 
Tims : _ 

On tbe line G 13 take any point, V, bo that w 6 shall be 
equal to v 9, and from v describe a circle passing tlirongh 
the points 9,6,3: this circle will then serve as a guide for 
drawing the end curve of the ellipse, which must pass a lit- 
tle within the circle, and at tbe same time be a natnml and| 
graceful continuation of the side curves. The other cna| 
curve is drawn iii a similar manner. 

NoU. — The represoninlion given in Fig. 10 may be cnlled vppm un-Zid 
rectnnsntur pcivpeciive. Bnl if ibe ppeciainr were horiiaiiliill.v (o ibo Wglj 
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of tliB centre of []iB front circle, at tlio proper disl 
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lop of the cube, but the riglit-hund side wotdd be Tiaible ; and an that udi 
might be ileavrlbed an clli|iBe tike the one now seen at ihe lop of Fig. 10: 
oal/ the longeot diameter of the ellipse would then be in a verlical poEition. 
Tbis might be called rit/kt ADnionfo/ rectangular pcrepec live. In thoBomi 
manner, If the spectator were borizontull; to the lejl of tbe centre of the 
front circle, Ihe left side of the cnbe might be seen, and on that side might 
be described nn ellipse, and this might be called le/i horhonial rectnnKnlai' 
Iierspectire. In the same way the spectator might be supposed to be \'^t- 
licnll; hebm the ceutre of tbe front circle, eo b9 to see the lower side of Ilie 
cube, on nbich might be described an ellipse. But ihia taller would be 
pDjiiion so uQusDul that we wonld not recommend objects to be tbns draivn. 
Tbe ellipse is drawn in jitkikI^ the tame manner in the several positiona 
here mentioned. 

The position of tbe horiwntal cylinder in Fig. 13 is difTerent, bb regards 
the spectator, from on.vof the positions aboi'e descTibeit,btit tbe Rule 
next page njiplies ei|iially to nil of them ; and even this does not ditfer !*■ 
principle from the general rnle (Elemestauy Bdle, p. Sii.l na npplicnbl 
to nil drawings in cahinel perspective- 
Fig. 11. Ill tliis figure we have drawn the ellipse williia 
ihe cabinet square A Ji C JD, in all respects like the ellipse 
of Fig. 10. The point y is the point from which we de- 
scribe, with the com passes, the curve S w SI; and from tha 
point e we describe the curve 9 IB 15. These points are 
found in the same mannci' as the correspoDdiug points for 
describing the ellipse of Fig. 10. Suppose this ellipse to 
be the upper horizontal end of a vertical solid cylinder 
forty inches in diameter. The distances w 12 and E F 
therefore alike represent forty inijhes. Suppose the eylin- 
doi' to be ten inches in height, and that we wish to draw 
the outline of the visible side of it toward the (spectator;; 
The cylinder will then extend downward from E, m, and ^J 
five spaces, to i?, r, and C. ED andi^ 6' will then be the 
vertical side lines of the cylinder; and through the points 
^, r, and C must be drawn the half of an ellipse correspond- 
ing in all respects to the curve E\a F, As the rectantrle 
A B G D represents the square inclosing the top of the 
cylinder, so the rectangle E F G ZT ii?piTsents the square 
embracing the bottom of the cylinder; and if we describe 
a cabinet ellipse within this lower cabinet square, it Will 
give the outlines of the bottom of the cylinder. Therefore' 
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we describe an ellipse witliin the square E F G II,\n Iha 
Bame manner that we described the ellipse within the s _ 
ABCD. The visible portion,C7- J>, of thia el lip sCj whose; 
side curve is described from the poiat^, we have drawt 
with a firm line; the other portion,^ t C, which woiilc 
be invisible unless the cylioder were transparent, we liavfi 
drawn with a slightly dotted line. 

Fig. 12. Here the solid cylinder, the method of drawing; 
which has been fully described in Figs. 10 and 11, is sliowH 
as completed and shaded. Any vertical cylinder, of anyi; 
given dimensions, may be easily drawn by the method here 
described, and with such accuracy that all its parts may b 
readily measured. 

Let it be observed that as the rectangle A Ji C D c^ 
Fig. 10 corresponds to the rhombus A li C J) of Fij 
therefore the line (7 -B of Fig. 10 measures the s 
(in cabinet perspective) as the diagonal Hue £ oti 
Fig. 9 ; and 13 and Z> ^ of Fig. 10 the same as IB 
and D A oi Fig. 9, etc. Therefore we have the follow-i 
ing rule for repieaenting objects in rectanffiUar cabinet pcft 
Bpective : 

Rule. — TTAen, in drawing objects in BKCTANOtTLAit cabinet 
perspective, a diagonal ^pace is changed to a vortical s; 
the latter, when thus used to represent a horizontal dislanot 
has the same measure as the former. 

Fig. 13. The upper part of this figure is drawn on tlM( 
plan of Fig. 10 and Fig. 12. The lower part is a horizonta 
cylinder whose end directly fronts the spectator. Obscrvfl 
that the length of the horizontal cylinder, as measured from 
1 to S, is sixteen inches ; length of the short vertical cylin« 
der only four ineJics. 

PROBLEMS FOR PRACTICB, 

). Draw a verticnl Rotid cjlindar nfler iho pinn of Fig. 1 2, whose tViam 
ler shall be l[iirtv-»ix iiiL-iics, nnd nho^ nxjs, or Icngib, Ehall be ei^lite 
■ncbes. 

2. Drnw n horitnnlal cvlinder whoso dinmelor HbfiH bo twenly inuhi 
andlenstli tweiity-foiir Inchei.wlth oiieond direcily fronting theiipeclntc 
Ml In Fig. lil ; nnd nt ihc funliar end of ibia cylinder, and sinning en 
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horiEonlal cylinder. Tbc horizontal cylinder ia to projeirl forward from IbA 
from vcnicnl sidu of a tube lueaiv incheu square; and ihe rerlical cvlinder 
U to rise from (lie upper side of the lutine cube. 

S. Draw n cube twentr-fonr inches si|utire, in rigAl horizontal reclanenlir 
perepcclire. Cenlrallv placed on ihe right-hund side of il, extend out 
liorislintillr to the right another cube sixteen inches squnre; and on tbe 
rigtil-hand side of this draw a horizontal cylinder twelve inches in length 
and sixteen inches in diameter. Shude all the front surfaces liglit, and 
tbe tight-hand side surfaces darlc. Then view the drawing as directed oil 
page M, except that the eje of tlie speclntor should be eeniraUy to the 
right of it. Also place the Icngtb veriicnllv, and view it in that poulion 
until il seems to stand out boldly from iIig pai^r. 

PAGE FIVE.— SCALE OF TWO IXCllICS TO A SPACE. J 

Fig. 14, It is reqaired to make a drawing of the top of 1 
a hollow vertical cylinder eighty ioches in extreme diame- \ 
ter, and whose sides are eight inches in thickness, J 

iBt. Let A £ C D \)e a. rectangular cabinet square O^l 
eighty inches to a side. Within it describe an eltipee 
touching the centres of ita four sides, after tlie manner 
shown in Figs, 10 and 11, Ileie w will be the point for 
describing the side curve 1 I 3 ; and x for describing- the 
other side curve S i J^; while t ami s ai-e the points for de- 
scribing the guiding circles for the outer end curves. * I 

2d. Now, as the walls of this hollow cylinder are to be J 
eight inches thick, the inner circle that bounds the walls asM 
the inside must be eight inches within the outer circle; so wM 
take or,kl,tt p, and ij, each eight inches within the ellipH^| 
first drawn, niid complete the rectangular cabinet squari^ 
E F G .ffeight inches, on all eides, within the outer sqnare. 1 
Within this smaller square describe an eiiipi^e touching the 1 
centres of it» four sides, and we shall have the outlines of I 
the top of the hollow cylinder, as required. I 

3d. This inner cUipse is drawn in all respects like the I 
outer one. Thus y and z, found as before shown, are tbefl 
points fi-om which its side curves are described; and m and ■ 
n are the points from which the guiding circles for di'ftwing I 
Ihe enijs of the ellipse are described. I 

4lh. Observe that the walls of the cylinder ajy>ear the I 
thinnest at the points ij and ^' /, and that at the points or t 
and vp iht'v appear to bo double the thickness of (Jandi^Jj 



as they would iiatumlly appear wlien viewed from ibe given J 
point above .tod in front of tiie cylinder. I 

Fig. 15, It 13 required to mate a drawing of a thin flat " 
ring, forty -eight inuhea in diameter and four inches in 
width. 

l8t. Take iho horizontal line A 5, of tweuty-four spaces, 
representing forty-eight inches, and on it construct the rect- 
angalar cabinet square A B C D. A D or S C will then j 
represent forty-ciglit inches also. I 

2d, Describe the ellipse 1 2 S 4 within this square, and 
touching the centres of its four aides. This ellipse will 
represent the top cirele of the ring. The central line, 4 ~i 
must bo extended upward, so as to get the point from whieh 
the lower side curve is to be described. 

3d. As the bottom circle of the ring is four inches beiow I 
the top circle, it is to be described within a square foar | 
inches below the square which contains the top circle. 
Therefore lay off a second square, E F G II, four inches 
below the top square, and within it describe the ellipse 
5 6 7 8, touching the centres of its four sides at the points 
5, G, 7, 8, The outlines of the drawing, which may now bo 
shaded, wilt thus be completed. 

4tb. Notice that 1 5 and 3 7 are straight vertical liiie^, ' 
representing the width of the ring, four inches; and that 
the curve 9 S 10 would touch the points 6 and 7 if it could 
be Been throughout. 

fith. Observe that ibis ring is drawn as having no appar- 
ent or measurable thickness. 

Fig. 16. It is required to make a drawing of a ring forty- 
eight inches in diameter, four inches in width (or height, as 
here viewed), and four inches in thickness, 

1st. Draw the cabinet square, A Ji C D,o( the reqnisitffi J 
dimensions, and within it describe the ellipse, J 35^ lor the 1 
upper outer circumference of the ring. 1 

2d. Take the cabinet square, EF G IT, also of forty-eight J 
inches ton Mde, four inches below tho first-mentioned squat's^ J 
and within it draw an ellipse in all respects like the ellipae 1 
S 6 7 8 o( Fig. 15, with the exception that only the /rora.\ 
hal/otthe ellipse in Fig. 16, as denoted by the fignj-es £^^.t^Gfl 
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/,r fi.'. '1r, trir,'/ Tfi^. f. w'» of/Ur f\f»r{n:v^ ^t^ w^h of the tbar 
/I'fv/ir'ifr'^i'^-K «r'i Ui/i /'/«rri/')-9 ^f f.hf; f.wo Cabinet a^oares 

fM»K.r» I'M/ W 'K'. t.jt/f» ofdfrr *'M\\t<f'% arr; /Jra^'n; aodthe two 
hinfr *.f,,f.*.,4. .11'. III/'. re,ititr* of tK^: t'A'o ftquares within 

tffk./.L M./. J *", iiitirr t'\\\\l^^'^ an: 'irawn. Similar qriadran- 
iA'..i M.I/ I*', r'.iiiiil in l\\i'. 'Jrawiiisr'**. of all cylinders on a 
M./.t.ii./riiii h.ici,s , iiiiJ Ill's*.': qri;uJraii;^lr:H are excellent 
{/H»i)f.>! \f,\ I I.I. Ifiiifiiiiiori of i.li<: r.'|iiai'r:H within which the 
*r«. 'f.i.fl f.ih|,^« .3 iiii: In hfr fliawfi. Ohficrvc that, in all sinii- 
I'H >l»'i "iit!/': 'if lioll/iw r.yliii'ifrn, Liu: (liHtaticc ^ ^^or ^2<^ 

'#» /' /y, i.» /^ // iijiiif.fiiin ilii' ht'ufht of ilic cylinder. 

'1 111; ii.ni iili|i-ii-^. fli't^.fiiliiMl ill thirt fi^iiro, representing 
Mm- liiiH I ill ii >i iliiii. Imi III ihc, (int.liticH of tlic reaZ hollow 
» yliiiihi, .III. nil ilir. pjiiiltrt iliiit, arr nM|nin>(l to draw any 
ImllMa i \ liii'li I , ni iiity (lilinitr lH'i«;lit, (llaiiH'tcr, aiul thick- 
Ill... I III i^.ill.i. Ill iltif vnlHiil |)o:»lilon ic'|in'si'iiti'il hy a 7'cc^ 
(",;•./.(' imIiiiiiI nitniir, mm iIimI iii;<;ui.sli(>(l (Voiii a diafjO)ial 
< .tliiiii I xiin-Mi- A littli' )ini(-ti('(^ >\ill riiahlr oiu* to draw 
ill. •.. illi|ii'i Willi ^'iriit i-inlit y, N\ liiU* tiir ruling of the 
ili'tuiii. ii'ijni iiiiiHi'j iui'ui;»\'v. Tlioso four tUipscs an- 
■M\rv W H>«' I'MU i^'./i.^ \\A\\ \\\ ili.wvini; a hollow oyliiuler 
\ ^itf t OmikI )m'i -pt-rliN r. 
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Fig. IT iBthesamG in outline asFig. 10, but ialieve eliaded, 
tlie better to bIiow tbe effect. Observe the four corner 
quadrangles, whith are here retained as guides for the four 
cabinet squares within which the ellipses are to be drawn, 
The points from which the upper eido curves are drawn are 
below the border of the page. Observe that the point 1 is 
the centre of the upper two Fquares and ellipses; and thnt 
the point 3 is the centre of tlie lower two squares and el- 
lipses; while the line 1 2 represents the axis of the short 
cylinder or ring. 

Fig. 18 represents the same ring as in Fig. 17, but with a 
poi'tion of the front of tbe ring cut out vertically, and at 
right angles to its inner aud outer surfaces. 
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!l PRACTICE. 

1. Draw n FGrticul hollow cj'linder whose extreme diameler sbull be ] 
firt^'-two inches ; length of oxis (height of cjlinder), twenty inclies, and 1 
lliicknesa of wnlle, ein inches. 

2. Draw two holloto cjlinders aFCer Ihe pinn of Fig. 13, page i. Let each 
of the c/linilers he ihirty-Cwo inches ia diameler, sixteen inches in length, 
nnd the walls four inches in thickness. Remember (hat it is to bo driLwn 
on s scale of "two inches to a space." This mensare applies to both ver- 
tical and horizontal lines on ihe front end of the horizontal cyliniler, while 
il means ybur inches to n space on lines repretentlnff horizontal lines mn- 
ning directly /I'om the specUtor. Thus, in Fig. 13, each of tbe lines 1 3, 
anil i 6, and S 9 tneusurea twelve inches ; and S 6 measures four inches; . 
bat G 7 measures twelve inches, and 1 S measures aixieen inches. 



PAGE SIX.— SCALE OF TWO IKCHES TO A SPACE. 

Fig. 10. It is required to draw, in rectangular cabinet per- 
ppective, a hollow vertical cylinder, forty inches in extreme 
diameter, fourteen inches in height, the walls four inches 
thick, and to be encompafisod by three bands, each two 
inches wide, one even with the lop, one even with llie bot- 
tom, and the third intermediate between the other two. 

1st. Draw the hollow cylinder after the manner described 
in preceding figures. Referring to Fig. lO, let the pupil ob- 
serve that it is the cabinet square ASCI} that incloses 
the top of the cylinder, aud the square E FG -ff that in- 
closes the bottom. Hence E and -Fare fourteen inches J 
vertically below -'t and B, and fl'and G arc fourteen inches 
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verticaliy below J> and C\ thus measuring two iuclies to a ' 
veiiical space. And yet, when the line AD\s taken as the 
short visible side of a rcctangulat' cabinet square, and is con- 
sidei'ed as mnniug homoutally front the spectator, being 
-what 13 ca.Ued fore-s/iorletieci, it is measui-ed as /our inches 
to a space, making the line forty inches in length. Tills 
principle must be kept carefully in mind, being equivalent 
to the principle of the measurement of " diagonal spaces'^ 
in Books No. II. and No. ni. 

2d. To describe the encircling bands. The principle is ti 
same as explained in describing them in diagonal cabinrt* 
perspective; but we wU! show the application here in detail. 
As w is the point from wtich, with the distance to 4, we 
describe the npper and outer side curve embraced in i ^ 3, 
§0, to describe the side curve of the lower side of the first 
band, we move the point of tlie compasses one space (two 
inches) downward, from w to r, and with the same stretch 
of the compasses aa before describe the curve. Then, as 
the next band is four incbes {two spaces) lower, we move 
the point of the compasses two spaces (four inches) down- 
ward, from )• to B, and describe the upper side curve of the 
second band. So continue until all ibc bauds are drawn. 
The ent? portions of the curves arc drawn without the com- 
passes, each to its given point ou ihu side lines 1 S and 3 7. 
We have also described six curves (portions of ellipses) 
on the visible inner side of the cylinder, between ni and 9, 
the better to show the curvature of the inner side of the 
cylinder. These curves are two inches apart; and the np- 
per and the lower one are each two inches from the lop 
and boltom inner curves of the cylinder. These curves are 
the samo in form (so far as seen) as the upper curve I m n; 
and as the side portion of I fii n is described from the point 
z, BO, to describe the side portions of these six curves, cany 
the point of the compasses, at each remove, one space (two 
inches) downward below z. 

Fig. 20 is the same cylinder as represented in Fig. 19, bnt 

is here di'awn in diagonal cabinet perspective, after the 

^^ntiner shown in Book No. III. Observe that both cyliHfl 

^Kttt measure the same, according to the principles of Jiieg^H 



CABINET PEKSPECITVE— UlSCELLAJTEOUS. 16H 

nrement applicable to eaeh. Observe, .ilso, that the two 
cabinet squai'es, AH D,£! F G II, of Fig. 20, coiiespond 
to the similarly lettered cabinet Equnves of Fig. 19. 

Fig. 21. It is I'equireii to draw a hoiizontal wheel of the 
following dimensions in rectangular cabinet perspective: 
Wheel to be fifly-six inches ic extreme diameter; horizontal 
thickness of rim, four inches; width of rim (or /teig!U,aB 
it lies hoiizontally), two inches; a hub at the centre six- 
teen inches in extreme diameter, same veitical thickness as 
the width of the rim, and with a central eight-inch circular 
opening through it for tlie axle. There are to be eight 
spokes between the hub and rim, each four inches in Iiori- 
zontul thickness, and name vertical width as the rim, radia- 
ting from the centre of the hub, and at equal dbtances apart. 

Ist. Draw the upper and lower ellipses which form the 
boundai'ics of the rim in the manner described for drawing 
hn1!(iw cylindera in preceding figures. 

2d. Draw the boundaries of the hub in the same manner. 

3d. From the centre, tj, with a radius of twenty- 
inches, describe a circle pasaing through the extreme points 
o and ( of the wheel. Mark the points w, s,p, and n for th© 
diagonals of the circle ; then these points, logothor with tl 
centrally dividing points tn, f, r, and 0, will divide the oirel 
into eight equal parts. From each of the eight given points, 
beginning at m and moving to the left around the circle, 
lay oflf with the compasses any required distance, as m 1 
and n 2, and mark accordingly the points 1,3,3,4, etc, for 
the positions in the wheel in which the spokes arc to be rep- 
resented. Then, as the spokes are to be each four inches 
in horizontal thickness, take with the compasses a width of 
two spaces, and lay off that distance on the circle from the 
points i, 2, 3, 4, 5, etc., and wo shall Iiavc the distances 1 x, 
Sy,Sz,4 /O, etc., to represent the horizontal thickness of tho 
Bpokea. From the given points draw the dotted lines pei"- 
pendicularly toward the borittontally dividing line o t, and 
from tho points where any pair of these doited lines strike 
the outer upper ellipse of the wheel, draw lines to the corre-^, 
sponding o/jnosjte points of the ellipse,and the apparent wp\ 
surface width of tho spokes will be given. Observe that tl 
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uQnror tliM^ ffpoke* upproadi^iu lengtlii 
rr.iininf^ direeliy from the speetatMVtha 
Kinf;use» appear, and the nariDwr their 

To tret the eppMcnl vertJeaithiilmiiM ef the i 
the linee of their janctioa witk the loaiB-oithm] 
otitei^ of the hob, we have only to dm 
downwevd front the pointfr whcm the npp ee 
spoken interaeet the eliipaee-ef Uie riiiL and 
draw the lower lines of the apokeaaa Bbev»ifttiier< 
The Rame ramlt woaid be atf ined-by mippiWMigJha i 
to extend tbrongh. the riiOf aa shown by the>dett«Llii 

Fig. 22 ig another iUoatratioB-^the'prineipki ofi 
the ellipfle into any number of eqnaL partly aa sei 
Fig. 21. 

It is reqnired to make a drawing^ of a vertieaktah^eif tber- 
following dimensiona, in rectangalar cabinet 
The tnb is to be twelve inchea in oatndehe^fc; Ibrt^ii 
in extreme diameter; having a bottom one u 
the level of the chimes. below; its sideato be V4 
composed of twenty-fonr staves of nuiform width, and fcwi^ 
incho^ thiVk: and the tub is to be encompassed by two- 
hoops, ench two inches wide, the upper one one inck frons- 
tho top of the tnb, and the other even with thfrbottonii. 

1st. Draw the hollow cylinder for the walla of the tab 
tho snme as in preceding tignres, with the exception of the 
insirfp lowor ellipse. 

2<1. T>o«!mbe the semicircle, 6 6, and with the corapaasea 
flivirlo it into twelve eqnal parts. Thia is easiest done by 
romm6nCing at 0^ an^ dividing each quarter — aa froaiO ta 
.?, thon from -'? to ^, otr. — into three equal parts. This will 
ijji vc the fftvvo9i}nr]f\',r]rr points, 7, 2, .?, ^ J, 5, on each aide of 
o, r]v,pi tir'.-f p'^iin**^ 'Irnn'^ 'lotted lines vertically down-- 
\var(] until tlif/ ]]\U:V'onf fho ontf>r npper ellipse; also sup- 
pose til". Im'Ic'I lin^f? to l>n fYtpml^d until they intersect 
the II' ;n? I I' ilf/.r flii^ ontor upper ellipse. These twenty- 
f'oiu point ^ "f i?itfisr'/-tion with iho onter ellipse will be the 
puiniR of divi.-iuii f'T fjip nppnrr^nt nr/frr snrface width of the 
t "'•nr 8tnv(<. 

op <li\ i'liiicr lines of tlifsc staves mnst all be di- 
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t'rected toward the centre, q, just as lliey would be iu the 

'ul tub, and the intersections of tbese lines with the inner 
upper ellipse will give the points for the ioside veilical di- 
visions of the staves. It will be noticed that the etaves di- 
minish in apparent width from the vertical centre to the 
right and left sides, as their surfaces are seen more and 
more obliquely, but that thuy increase in apparent thickness, 
just as they would appear to do in viewing the real tub. 

4th. Observe that the inside height of the tub, as meas- 
ured from 7 to 8, ia only eleven inches, as required to be, 
while the oatBidc hei<^ht is twelve inches. Therefore the 
farther lower inner ellipse must be drawn one inch higher 
than it would be drawn if the tub had no bottom in it. 

5th. Observe, also, that A B C J) js the square within 
which the upper outer ellipse is drawn, and that M FG H 
is the square within which the lower outer ellipse is drawn. 
The distance apart — from A to IS, etc — depends upon the 
height of the cylinder. In Fig. 21 the distance is t\eo inch- 
es, while here it is Itodve inches. To prevent confusion of 
lines, the lower quadrangles only arc here dotted. 

6th. The hoops arc to be drawn according to the method 
explained in Fig. 19. At the sides they should project, to 
the extent of their thiekness, beyond the vertical side lines 
of the tub. 

PEOBLEM.S FOB PHACTICE. 

1 Draw awheel fiimilnr la Fig. 21, but of ihe rollowingilimensions: To 
t«Mxi;-eight incbeaia extrcmBdmnieter; horizoniBl tliickness of rim, two 
irMhet; widlli, or venicul height, of rim, six inches; a bub at tlie aenire 
i«r«iilj incbea in exlreme diameter, game Tenical hdght ns rim, and witli a. 
risteen-iafb central opening through it for the a^Ie. 'Ilierc nrc to be eight 
■pokes between the hub nnd rim, eocb tn-o inrhes in horizontal Ibicknesn, 
and lome width Terticotly aa the rim, radiuling from the centre of the hub, 
and at equal distances apart. 

"!. Drawo tub Bimilar to Fig. 22, but of the following dimenBiona: To be 
Sfij-iix inches in eitrcme diameter; eixteen iachea in outside height; a 
Jiat comes Dp two inches from the level of the chimes below; its 
be rertical, and composed of thirt;-two slaves of nnifonn width, 
inches thick; and the tub is to be encompassed b; three hoops, 
eteh nro inches wide — the upper one, one inch below the lups of ihc chimes; 
the lower one, even with the loiver ends of the cbiwcs ; and the other, four 
inchei above the lower hoop. 
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PAGE SEVEN.— SCALE OF THIiEK INCHES TO A SPACK 
Fig. 23. Tiie eamu erown-iphed that is shown in Fig, I 
page 10, of Book No. IIL, is iiere drawn with its axie, ( fl 
in a vertical position. Tlis iTctangles A S C D and 
E F G H repieaent the squares A B C D and E F G H 
of Fig. 56. 

Here MP is the centre of the tipper horizontal surface of iho 
wheel, acroc3 the ends of the cogs ; aud the wheel, as in Fig. 
fiO, measures eleven feet in extreme diameter fi'oiii 16 to 16. 
From the centre, w, we therefore describe the two dlipsea 
which give the thickness of the ends of the cogs, as in Fig, 
56 we described the two circlts from the corresponding cen- 



Twelve inches below J. 
as a centre, we dest 



? we take the point y, from which, 
i the two elli])ses whieli determine 
the length of the cogs, and also the thickness of the wheel 
between tlieir bases. Six ineliea below y wo take the point 
V, wliicli must be on the level of the upper surfaces of the 
four arras which support the vim; and from u as a centre 
we describe the ellipse wLloh gives the limit for the ends 
of these arms at tlieir upper extremities. As these arms are 
to be twelve inches in vertical height, or thicUness, we take 
a point X, twelve inches below i', from which we describe 
the ellipse which limits the lower extremities of the arms, 
and also gives the inside lower boundary of the wheel. 

As the axle on which the wheel turns extends fifteen 
inches beyond both the upper and the lower face of the 
wheel, tbu point s must be the centre of one end of the axle, 
and the point t of the other; and as the diameter of the axle 
is twelve inches, we Lave the dimensions of the ellipse de- 
scribed around s for one end of the axle. The other end, (, 
of the axle can not be seen. 

The point v is the centre of the upper end of the hub, 
■which is eighteen inches in diameter. 

As the wheel is to contain thirty-two cogs, nt uniform 
distances apart, and of the samo width as the S]>aces be- 
tween them, wc divide each quavfer of the fiemicirch, IS 16, 
into eiffht equal parts; and from the points of division on 
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tliG semicircle draw iiiiea voi-ticjilly downward until tliey in- 
tersect the onter ellipse 16 11 iW/ and the poiiita of iutei'- 
eection will give tlie points for the divisions oftlic outer el- 
lipse for the cogs and the spaces between Ihem. From tlieae 
points of division, lines, as rf w, a w, etc., drawn to tiie centre, 
tp, give the boHndary-lines for tlie sides of the cogs at their 
ends. In a similar manner, lines drawn like b y^rj y,pij, 
etc., give the boundary-lines for the sides of tlie cogs al ( 
their bases. 

The four arras, or spokes, which support the rim are to be I 
^x inches in thickness, and twelve inches in vertical height, 
the same as in Fig. 56. Here we have placed these arms i[i 
diagonal positions, because they thus show to the best ad- 
vantage; and the only remaining point now is to give the , 
true representation for their thickness— six inches. 

For this purpose, from v, the centre of the ellipse which I 
|uisses through the exticmitics of the arms, we describe a 
circle (of which uq is a part) with a radius of sixty-three i 
inches (the length of each arm from the centre, r). Fr( 
'.thepointi, where the diagonal w i intersects the circle, draw ' 
the vertical line i r to intersect the be fore- mentioned ellipse, 
^and it will intersect it at r, on the diagonal of the ellipse. 

'rem the point i measure off, on the circle, with the 
[^asHoa, i h and ij, each equal to one ruled space, nnd there- i 
fore each represeiiting three inches; and from A and ^* draw ' 
:line8 vertically downward to intersect the ellipse. The space I 
'nchidcd between the points of the intersections of these lines J 
ith the ellipse will then represent six inches ; and if lines I 
drawn from the points of intersection parallel to )■ ! 
nil have the true apparent width of the upper surface of \ 
;hia one arm or spoke of the wheel. The true width of the 
ithers may be found in a similar manner; or it may bo 
Ltaken by the compasses, and applied to the other arms. 

At A the method of drawing the hub, together with the ' 
arras radiating diagonally from it, may be morc distinctly 
leen, 

Lot it be observed, here, with what perfect accuracy ft line J 
irawn vertically downward from the interecclion of the cir- ] 
iiinference uf a cink' with \\» diagonal must interred the ( 
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ellipse drawn below it on the same diameter on its diagonal. 
Owing to this principle, any division, and any measurement, 
made on the circumference of the circle, according to what- 
ever scale may be adopted, may be accurately represented 
on the ellipse. 

Thus, in J^, we have a circle, and within it a cabinet el- 
lipse, both drawn on the same diameter, m n. Here J) JB is 
drawn on a diagonal of the circle, and H F on o. diagonal 
of the ellipse. Observe, also, that every diagonal of the 
cabinet ellipse drawn like this, in a rectangle, is what we 
have called a two-space diagonal line, or a semi-diagonaL 
From the point i, where the circumference of the circle in- 
tersects its diagonal, draw a line vertically downward, and 
it will intersect the ellipse on its diagonal at the point 5. 
Now the measure i -4 is represented on the ellipse by 5 8^ 
and 1 2 hj 5 6 ; and if i ^ is equal to two spaces, or six 
inches, and 1 2 equal to the same, then 6 8 will represent 
a distance of twelve inches ; and the shaded band, 6 t 8 8y 
which extends across the ellipse, will be twelve inches wide. 
Remembering that the cabinet ellipse represents the circle 
viewed obliquely, we see why all measures on the circle 
must have their accurate representations on the ellipse. 
Also, we see from the three representations, Fig. 23, and -4, 
and -S, that the diagonal of a cabinet ellipse must be drawn 
on a two-space diagonal line that passes through the centre 
of the ellipse. 

PROBLEM FOR PRACTICE. 

Let the pupil, af.cr drawing Fig. 23, draw another crown-wheel of any 
given dimensions that may be assigned. 

PAGE EIGHT.— SCALE OF TWO INCHES TO A SPACE. 

Fig. 24. It is required to make a drawing, in rectangular 
cabinet perspective, of a tub twenty-six inches in vertical 
height, forty-eight inches' extreme measure across the top, 
thirty-two inches' extreme measure across the bottom ; the 
sides formed of thirty-two staves of equal width, and two 
inches in thickness, encompassed by two hoops, each two 
inches wide — one of them two inches from the top of the 
tub, and the other one inch from the bottom ; the tub to 
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liiivc a false bottom of one-inch stuff, seven inches in ver- 
tical height from the level of the top of the tub ; and in the > 
centre of this bottom an opening twelve inches square, 

1st, Mark off the cabinet square, A B (J D, forty -eight 
inches to a side, and within it, and touching the centres of 
its fonr sides, describe an ellipse for the upper outer circum- 
ference of the tub, 

3d. Two inches within this outer cllipxc describe auother, 
and we shall tbea have the outlines of the top of the tub, 

3d. From m, the centre of the top diameter, mark offjjiti, 
twenty-six inches, for the vertical height, or axis, of the tub. 
The point n will then be the centre of the bottom. 

4th. With n for the centre, mark off the square, EF G S, 
of thirty-two inches to the side, and within this square de- 
scribe an ellipse, only the nearer half of which, 13 3, need 
be 6rmly drawn; and this part of the ellipse will give the 
visible portion of the outside circumference of the bottom 
of the tub. 

5tb, By connecting the extreme points 2> 1 and r 5 of the 
diameters of the upper and lower ellipses, the lines thus 
foimed will give the side outlines of the tub; and if these 
lines be continued downward, they will meet in a point, w, 
on the downwai-d continuation of the axis of the tub. All 
the outside dividing lines of the staves will tend toward this 
point, M, while the inilcle dividing lines will tend toward 
the point a, above w. The point z is found by drawing 
lines from * and .9 parallel Xo p 1 and r 3, until they meet 
at a point in the downward continuation of the axis. | 

6th, Take the point 7, seven inches, on the axis, below m/ ( 
and 7 will be the centre of the circle (or ellipse, in the draw- ' 
ing) which boiimls the (inter upper edge of llio false bottom i 
of tlie tub. 

If the sides of the tub were vertical, we should measure 
off, from the inside top of the tub at the farthest point, 4 5. ' 
equal to nt 7; but as the line 4 ^ extends downward to- 
ward the spectator, and is in reality longer than in 7, it 
must appear so in the drawing. The point 5 (when accu- | 
rAtely found) must bo in the middle point of the farther i 
«idc of the cabinet square which bounds the elli[ise that j 
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limits the false bottom of the tub, and which ellipse has 7 
for its centre. To obtain, with accuracy, the point 5, and 
the square within which this ellipse is to be drawn, drait 
the horizontal line from 7 toward 10^ and it will intersect a 
line drawn from P to 2 at a point a. The distance, 7 a, will 
then be one half of the longer diameter of the ellipse which 
bounds this false bottom of the tub ; and if 7 a be twenty 
inches, we must so place the point 5 that the horizontal dis- 
tance, 7 5, shall also be twenty inches. We may thus eas- 
ily construct the square within which the ellipse must be 
drawn. Centrally within the ellipse mark out the opening, 
twelve inches square, and give to the false bottom, on its 
farther side, a depth or thickness of one inch. 

7th. The divisions showing the apparent width of the 
staves are obtained in the same manner as in Fis:. 23. 

Fig. 25. It is required to draw an octagonal tub (of eight 
equal sides), having an extreme upper diameter of forty- 
eight inches, a vertical height of twelve inches, a lower ex- 
treme diameter of forty inches, the sides two inches in thick- 
ness, and the whole resting on a two-inch thick octagonal 
bottom that projects two inches beyond the sides. 

1st. Mark off the square, A B C D^oi forty-eight inches 
to a side ; and within it, and touching the centres of its 
four sides, draw lightly an ellipse, of which ij k is the far- 
ther half. As the central vertical line^ n {vertical as seen 
on the paper, although it represents a horizontal line), the 
central horizontal line i Jc^ and the two diagonals A C and 
B Dy divide the circle represented by this ellipse into eight 
equal parts, so the intersections of these lines w^ith the el- 
lipse give us the eight corners of an octagon. Connect the 
points or corners thus found, and two inches within this 
octagon draw another in like manner, and we shall have rep- 
resented the thickness of the walls of the octaijon. This 
inner octagon may be drawn without first drawing its el- 
lipse, simply by drawing its lines parallel to the surround- 
ing octagon, and two inches within it. 

2d. From m, the centre of the two ellipses and of the oc- 
tagon just described, measure twelve inches vertically down- 
ward to n. Take n 2 and n 3, each twenty inches, and on 2 8j 
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f iffC Witliin this eqiiare draw an ellipse touching tlie t 
trea, 1, 3, 4, 2, of its four Bides. Divide tlie npaver lialf of 
this ellipse so aa to give the four nearer corners of an octa- 
gon, in the same manner as the upper octagon was formed. 
Connect the corners of this lower octagon with the cornel's 
rf>f the upper octagon by the lines i 3,n Ii,k S, etc. 

3d. Two inches within the lower Bquai-e,.ffJi'6'7iJ inscribe 
n ellipse, in the same manner that the inner upper ellipse 
was drawn, and find the corners 5, 6, 7 in the same manner 
^lat the corners S, 9, 10 were found. Connect iheso lower 
J with the upper comers. This inner octagon may 
"be drawn by simply drawing its lines parallel to the outer 
octagon. 

4th. Take 2 p and S r, each one space (two Inches), and 
from p and )■ draw lines parallel to the border octagonal 
lines, and we shall have the projection of the bottom two 
inches beyond the walls of the octagon, thus forming an 
octagon two inches beyond the other; or this octagon may 
be formed by first drawing an ellipse on jj r aa a central base 
line. The two inches' thickness of the bottom, on which the 
octagonal tnb rests, is easily designated by simply marking 
points one space down from the cornei-s above. 

Obfterve that the thickiifsa of the walls of the octagonal 
tnb, and the extension of the platform bottom, naturally ap- 
pear the greatest on the extreme right and left sides of the 
drawing. Observe, also, that the farther inner side of the 
tub, as measured by the line 9 6, appeal's deeper than the 
nearer aide as measured by the line n 4- The cause of this 
jH^ that the line d S is more nearly at right angles to the 
^^HBe of vision than the line n //. 



m. ARCHES IN DIAGONAL PEHSPECTIVE. 

L Figs. 26 and 27 are drawn in diagonal cabinet perspec- 

HJtc ; but it ia the vpper lefi-hand vieic of them that is here 

given, as explained on page 144, and illustrated at />, page 1, 

of Book No. IV. 
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Fig. 26. The lightly shaded portion of Fig. 26 represents 
the face of a pointed archway fronting the spectator, and is 
therefore drawn in its true relative proportions: the base 
line of the archway, a rZ, being thirty-two inches, and the 
height, c/, thirty-eight inches. 

The outer curve line, a/, of the arch, is here drawn by the 
compasses, from a point twenty-six spaces — fifty-two inches 
— to the left of a; or it may be drawn from any other point 
that will give a graceful curve connecting a and /*/ but 
having drawn this curve, the opposite curve, df^ must be 
made to correspond to it. Then the inner curves, p h and 
g A, must be drawn from the same points from which the two 
outer curves were drawn, but each with a radius of twenty- 
four spaces. The curve v h must be drawn from a point 
twenty-four spaces to the left of the corner v. 

As Fig. 26 is a front view of the arch, it is very easily 
drawn. 

Fig. 27 is a diagonal view of the front of Fig. 26. Here 
the diagonal figure, a h c d^ must measure the same as the 
corresponding rectangle of the preceding figure; and the 
curve a f must be drawn by hand, and be made to pass 
through points corresponding to those through which the 
curve af of Fig. 26 passes. Thus the points n and m of 
Fig. 26 are respectively four and eight inches from certain 
points, 10 and H^ in the corner line ab ; and the correspond- 
ing points 71 and m of Fig. 27 must be similarly situated. 
So any point in any one of the curves of Fig. 26 should, 
if accurately drawn, have its corresponding point, by meas- 
ure, in a corresponding curve of Fig. 27. This principle 
should apply accurately throughout the two figures — the 
measures from point to point in the one being the same 
(according to the principles of measurement) as the meas- 
ures between corresponding points in the other. Thus the 
two points n, ?i, in Fig. 26 are each twelve inches horizontally 
distant from the point to; the corresponding points w, n in 
Fig. 27 are also each twelve inches (three diagonal spaces) 
distant from their intermediate point lo. The under side 
of the arch must measure four inches, horizontally, in any 
part of it. So the outside of the arch, from a r to fjy must 
measure, in any part, four inches horizontally. 
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HaviugFig. 2Q as the pattern, and marking any required 
nnmber of points in its curves, it is easy to mark corre- 
Bpondiug points iu Fig. 27, and draw the curves througli 
them. 

Fig. 28, drawn in diagonal pei-spective, consists of a rect- 
angular box, open at top and bottom, thirty-two inches in 
Olltdde width, eixty-four inches in length, thiily-four inehes 
in height, and walls four inches thick, having an archway 
opening through both ends, and two archways on a side. 
The side archways are the same in size as those at the ends; 
itnd the face of the archway in the front end, being drawn 
in its true relative proportions, ia the guiding pattern for 
drawing the others. Let the pupil describe the dimensions 
I of the arch, method of drawing the side arclies, etc. If the 
bptipil will follow the directions given for Fig, 27, he will 
r probably draw Fig. 28 with more accuracy than it is given 
f in the book. 

The pi'inciplea here iliiistnUed will be a sufficient guide 
(br the drawing of all areiies iu diagonal perspective. Fu-st 
[■■flraw an arch of the required dimensions in its true relative 
I proportions, with its face fronting the spectator: it will 
Ftlien be easy to make a diagonal view of the same arch — 
r transferring the measures of the one to the other, 

TV. 8EMI-DIAG0;rAL CABINET PEI13PECTIVE, 
PAGE KIIJE.— SCALE OV TWO INCHES TO A SPACK 
In what iias been called Diagonal Cabinet Perapeetive, a 
KCnbical block is supposed to be viewed in such a manner 
ft that the horizontal corner lines of the top and bottom of the 
K'Onbe that ran from tl.e spectator seem to rise diagonally 
rut ^ angle of forty-five degrees — that is, half way from the 
Bonzontal to the vertical. Tliua in Fig. 29, if the cube were ■ 
drawn in diagoval cabinet perspective, its npper horizontal 
face wonld be bounded by the lines 1 2,2 3,3 7, and 7 // ' 
and S 4 would be its visible lower side line. 
L Kow suppose that the eye of the spectator should be 
noirered bo that the line 2 3 should be brought down and . 
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made to coincivle with the line 8 9: then 1 2 would be 
brought down to 1 8, and 7 3 to 7 9, and 6 J^. to 6 10; and 
thus the lines 18^7 9^ and 5 10 would be in the direction of 
semi-diagonals, or two-space diagonals, as shown in Book 
No. I., page 2. The front face of the cube would remain 
the same as in diagonal perspective ; but the top and side 
would be changed as shown in Fig. 29. This is what is 
called " /Sem*-Diagonal Cabinet Perspective;" and it is spe- 
cially adapted to the drawing of buildings or other large 
structures in full elevation, as hereafter shown. 

In this modification of Cabinet Perspective, the principles 
of measurement remain the same as in the general system 
before explained. Thus, in diagonal perspective, the line 
1 2y according to the scale for the page, measures sixteen 
inches: but the line 1 8 must also measure sixteen inches : the 
line 1 2 extends from the point i, diagonally, to ih(i fourth ver- 
tical line at 2; and the line 1 8 extends from the point 1, 
semi-diagonally, to the fourth vertical line at 8 — that is, the 
line 1 2 passes over ybwr spaces, and the line 1 8 also passes 
o\ev four spaces ; and in each case a sjyace — whether a diag- 
onal or a semi-diagonal — measures four inches. If, therefore, 
we consider that each 5em2-diagonal (that is, the distance on 
the line 1 8 from one vertical line to another) measures the 
same as a diagonal, the rule of measurement is unchanged. 
The semi-diagonal cube. Fig. 29, therefore measures sixteen 
inches to a side, the same as the dotted diagonal cube. 

Fig. 30 represents a cubical block, of twenty-four inches 
to a side, from each upper corner of which is taken away a 
cubical block eight inches square. There is an eight-inch 
square opening cut through the block, centrally, from the 
lower part of the front side ; and also an opening of the 
same dimensions on the right-hand side. 

Fig. 31 is a frame -work in semi -diagonal perspective. 
The central post measures eight inches square at the ends; 
and each half of it is thirty-six inches in length on each 
side of the cross-beam. The cross-beam is four by eight 
inches, and sixty -four inches in length, while the braces 
would measure four inches square at the ends if the ends 
were squared. Inasmuch as the side of the frame fronting 
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the spectator is drawn in its tr\ie relative proportions, the 
same as all front views in the cabinet perspeelive of plane 
solids, tbercfore all lines, drawn in any dii-eution wbatcver, 
on any portion of tliis front view, are measurable by tbe 
scale of two inches to a space, Heneo the line a 6, drawn at 
rigbt angles across the brace, must be the true measure of 
the width of the brace; and, according to tbe scale, it is 
found to measure two spaces, or four inclies. The line c il, 
being one semi-diagonal, measures four inches. We thus 
obtain the size of tbe timber used for tbe brace. 

The extreme length of a brace, 1 3, or its equal in length, 
^ 5, may be Ibund by actual measurement; for, as the line 
J S Is in a plane at rigbt angles to the line of vision, it may ' 
te measured by the scale. Thus measured, it will be fonnd 
thai, tbe line 1 3 ]s equal to twenty spaces — cqnal to forty 
inches. Or it may be measured by tbe rule for the extrac- 
tion of the square root. Thus i S 5 is a right-angled tri- 
angle; and therefore, if we add together tbo squares of 
tbe sides 1 3 and i 3, and extract tbe square root of theiv 
snra, we shall get forty inches for the lengtb of the line 1 3. 
Try it. 

Observe that the bi-aees arc flush with the farther side of 
the central post, and with the farther side of tbe cross-beam. 
The dotted continuations of the lines of the braces show the ' 
nttachment of tbe braces to those sides of tbe post and cross- 
iKam which are invisible to the eye. 

Fig. 32 is the same as Fig, 31, but so placed that the front I 
view of Fig. 3 1 is made the semi-diagonal view in Fig. 32, 
Xct the pupil test all the measurements, and see that they 1 
are the same in both fiynres. Thus the line 6 7 in Fig. 32 
the same, according to the principles of measure- 
ment adopted, as the line 6 7 in Fig. 31, Fig. 32, however, , 
does not give so good a view of the frame as is shown iu { 
iTig. 31. 

Fig. 33 is the same as Fig. 05 of Book No. II., but is here J 
changed from diagonal to ^wj-diagonal perspective. Ob- I 
'serve that, if the same scale be adopted, the measuremcnta I 
will be the same in both casi-s. 

Fig. 34 is a hollow cylinder sixteen inches in length and j 
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1^, ami aU^ one oil eac& of 1e» rvn viaibie aiieaLt&s wUBr 
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A; thA iip]>''T Jtirlfs of the cube is <Iiviiled into the same 
. ': r »K'?r of s/?mi-*iia(/onaI siqaares that the front side contains 
"■y lar V|iiar/w«, th^ former representing the latter, therefore 
^K'* /'Uipv? 4rawn on the top mn»t paw through the same 
/./,,■'■ J pon^liriCf point.* In the semi-<Iiagonal squares that the 
' . /'l/-. p5ii«-/'-4 l\iVfAi'j\i In thfr «q!iar'^:S of the front side, on the 
f,- if./ ij,!/- f ^.'•^ -v;)^ ^'xpIaln^Ml in the drawing of Fig. 9. The 
/■,,,|r'/ on fr.^' f,o|; wouM be host drawn ?;7 first dotting the 
|M»fi' >|r..l i»Mnf '.tliroi.'/fi wl»K:h it mu.st pas.?. and then <1 rawing 
If,' /III o r:xM\\\\\-j \rj hfinrl with a f-liary^-pointed hard pencil. 

'I I.' / II i|,." on tli^' Ki'U; niicdit be <lrawn by the same uieth- 
/,J,/,n I;,'- jriinnpU' cvphiinc^l with reference to Fig. 9 ; but 
j|,i. .Mh- Miivr--'. m:iy hr- drawn with great accuracy by the 
|iii.!>M-* in the lollowinx manner: 
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1st. From the point ^, the centre of the eide C^, with the 
radius 1 S, describe the indefinite curve _B S, 2d. Fvom 
the point £, with the radiua H B, describe the curve 3 S, in- 
tersecting tlie curve JiS at the point 3. 3d. From the point 
5, with the radius S S, describe the curve S 4- 4lh. From 
the point 4i witli the radius 4 A describe the side curve 
6 1 7, which may be extended to within two inches of the 
line C' B with accuracy. 

5th. From the point 3, the centre of the side B E, with 
the radius 2 F, dcacvibe the indefinite curve Fp. 6th. From 
the point F, with the radius F J, describe the cuiTe 1 n. 
7th, From the point n, with the radius n 1, describe the 
curve 1 m. 8tli. From the point m, with the radius m S, 
describe the side curve 9 2 10; which may be extended to 
about the point 11 with accuracy. 

Thus the two side curves of the ellipse wil! be drawn, to- 
gether with portions of the two end curves. The remaining 
portions of the end curves must bo drawn by hand to the 
points « and w, taking care that they p.isa through points 
in the small semi-diagonal squares corresponding to the 
points through which the circle on the front passes. Let 
this figure be viewed intently through the opening formed 
by the partially closed hand, and the ellipses will soon take 
the appearance of perfect circles, 

~^{g. 37 represents a ring drawn in semi-diagonal perspec- 

\ tive, and in the same position as shown by the ellipse on 
the right-hand side of the cube, Fig. 36. Tiie inner diam- 
r of the ring, as measured cither by the line v *o or 1 S, 
is forty-eight inches, the same as the ellipse 1 v 2 to of Fig. 
The thickness of the ring is two inches, and its width 

. four inches. . 

As the inner front ellipse is drawn within the scmi-diag- 

\ onal squai-e, C B F F,so the outer elliptic circumference of 
the front face of the ring must be drawn within a semi-di- | 
agonal square two inches lai-ger, in every direction, than 
the inner square, as shown by the surroundiTig dotted semi- 
diagonal square. . 

. The true width of the ring is marked out by oilcnding ' 

[ ths points of the compasses two spaces, and Laying off that 
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jmi-iliagonal perspeclivo— just as tlie side view of Fig- 3S is in soa 
Bgoiul pei-spective.] 

2. Draw a jinrliul I'vlindor, somewlijit similar to Fig. 30, lint of the fol- 
lovring dimensions: Length of cjliadei', eight feet; diameter, eixteoil 
inches ; tenons, sixteen inches in length, othernise the EBme an in Fig. 3D ; 
upper side of (he cylinder to bo taken eft horizontally, eren with the top of 
tbe tenons ; and a mortise, fbnr inches n'ide and eighty inches in letigth, to 
extend longitudinally through the cylinder, equidistant from lbs ttvo ends, 
UDd coinciding in ilirccIiDn «ith tlio width of the tenons, as in Fig. 30. 



PAGE ELEVEN.— SCALE OF TOUlt IXCOES TO A SPACE. 
Fig, 40, According to the scalo of meaBurenieot adopted, 
Fig. 40 represents a Bmall builOing, fifteen feot long, and 
ten feet eight inches wide, with posts nine feet four inches 
high. The four corner posts and sills are eight inches square 
at the ends; the two middle posts are four inches sqtiare, 
and tbe central crosa-sill is four by eiglit inches. The plates 
on which the rafters rest are four by eight inches, M'hile the 
rafters ai'e four inches square. The rafters arc placed at 
what is called half pitch — the height, 3 7, being equal to 
half the span, S 9; or, as the vertical line 2 7 is equal to 
j8 8, the rafters are at an angle of forty-five degrees. 

Observe that the lower ends of tbe rafters come down at 
cqaal distances on hoth sides below the plate, as indicated , 
by the line 5 6; and that the ends are sawed off horizon- | 
tally. The rafters are twelve Jiiches apart, or sixteen inches 
between their central lines. ' 

Observe that the In-acas are all of the same length — ^forty I 
inches, inside measure — and that tiiey are placed flush with 
I the outsit of the fi'ame. Thus the inside of the top of ths 
extrame brace at the right, at s, is twenty-four inches from 
Ibe corner (/ and the inside of the bottom of the br.ice, at 
\ V, 18 thirty-two inches below the comer I. Now, as s ( u is 
a right angle, s ^i is the hypotbenuse ; and if we add togeth- 
er the squares of s ( and ( w, and extract the Bqiinro root of 
I the sura, we sh-iil find that the length of* v is forty inches. 
I All the braces are arranged in like manner. In all cabinet 
I work, and in buildings, braces are generally arranged in the 
j proportions of liirce measures for one side of tin- tri 
and four for the other; and then five will be the nit 
U2 
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V. SHADOWS IN CABINET PERSPECTIVE. 
As cabinet perspective is designed for the artisan I'ather 
than the aftist, we have thus fav striven foi" no effect in our 
drawings beyond what is requisite to convey, in as simple a 
manner as possible, cori'ect ideas of the forma and dimen- 
Bions of objects. To this end such simple methods of plain 
shading have been introduced as will most readily distin- 
guish one surface from anotber, while no attention has been 
given to the shadows cast by objects. But where it is de- 
sired to give greater artistic effect to cabinet drawings, 
the system of perspective here adopted will enable the 
draughtsman to define the outlines of shadows with the 
greatest ease, and with a degree of mathematical accuracy 
hitherto unattainable. On page 12 wo give a few illustra- 
tions of the principles which arc applicable to this subject. 

PAGE TVVELVt:.— SCALE OF SIX INCHES TO A SPACE. 

Tlie objects liere I'epresented are supposed to stand on a 
hon'^ontal plane, which may be understood to be the level 
surface of the earth; and the spectator is supposed to be 
looking down upon them from above, and at the right, and , 
from a northerly direction. Hence the left-hand side of the , 
paper is east, the upper side is south, the light-hand west, j 
and the lower side is north — as indicated by the large cap- I 
ital8,E., 8.,^.,^ 

Fig. 41. This fignro represents a square vertical pillar j 
Manding npon the level surface of the earth, while the sun, , 
elevated at some distance above the horizon, and shining ■ 
npon the pillar from a southeasterly direction, causes the pil- , 
lar to cast a shadow on the earth, as shown in the drawing, 

The sun ia so far distant from the earth that.the raya of 
light coming from it may be regarded as parallel. Suppose 
that the raya of light come from the southeast in a serai- j 
diagonal direction, as indicated by the arrows, o, e, e; and j 
that the ray f, just touching the corner ?, strikes the earth 
at the point 9. Tlien it is evident that all rays, such as 1 
o'A.ij'i etc., that strike the corner line J 2, will prnjccl shad- i 



tows upon the earth bctttoen the points 2 and 0; aiu] 
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tlicf line 3 9. wfaidi indicstes :l line •)!* ^uuloir drawn on the 
level sor&ee at* die esitfa, will be the afaadow of die verdisal 
eomer line / 2. ITiu line of shadow; 2. ^^ aLtimi^i hoii- 
jofltal, will di^-erge swav izoni the line 2 ^ and also be 
lengthened, jiwc in proportion to the aontfaniv^ direction of 
ttie son, and its nearaesB to the eastern hcnrbaon. B: the aoa 
were dimstly east of the Une I JL and on the horizon, its 
shadow would be extended indetinitelv' iTom 2 in the £ree- 
tSoD of 2: i.; bat the ^ladow would beenme ^lorter and. 
shorter as the son rose vcarticailv toward the zenith; and. 
when at the aenith the shadow of 12 would be cnntractcd 
t(V a siugie point at 2: 

Bence two lines ant required to d^ne the aiiaiiuw cast 
by the vertieal Une 12: theone,. a QjXallBd.tA&rmf^wej,g^- 
mg the direction of the ray of light that barely touches 
the isomer I^ and die och^'^ called the g^acfouhSn^s^ drawis 
tiiroogh die <Mmier 2, and interaecdne die ray-4ine at 9;. 

Hence, P>Jk%ti £Ae skmbm eaatt an, et harmmtaL jtatme %f 

RcXK I. — Lrmn m sat-ixiie, Ln^'atmff £& c&Kfioa (^ 
the SKo^^ rtt^js. fro!a\ the top of the. jiv&i Jana to the harisontal 
pUme whMi is 6Ji a level leiili the lo*c& end of the given £me/ 
t.ten drate a SKADOW-Lnra /row* the lower end of the jiven 
Uifk^ to the point mhere the ray-line gtrikea the horisontmi 
piane. The shado^c-Une thus drvncn teHZ he the sluuloyr of 
the /7WJ<f» line. 

The shadote ftast Inj emy. ^een porsrrfln « horizontal jploTie 
may he fmmd hyfint dr€ncing a irertietjl line from it tO' the 
h^iz&if^al plane^ €md then finding the shadow of the giren 
Une^ as hep/re. The nhadott cast hy emy retpared poutt in the 
gi^^^n Une rna>j th>is ^ ohiained. 

Foll6winc( o:it the principles of light and sh:'.<le in con- 
T\^f',i\f}r\ with thl.^ ml*--, it will he seen, as before shr.wri. that 
2 (f \% ^ufi .*ha<']ow of the vertical line 1 J, and that .' i> the 
5h?»''{o'.v-p^>ir>* of the point 1. 

\u a ^'\xu,\i\x manner it i.-^* fonnd that the line^ .^^ wonM be 
\ut' \\\,t' of* 'A,%(\()^' cast by the vertical comer lii.o --^' ^, if all 
th^' j»iil;ir ^'xcej^t it.M comer line -> 4 were tr:iii<[ art-nt ; aJ^o 
that f'f 7 U the line of the shadow cast bv tht* corner line 



I 

I 



CABINET I'ERSPELTIVE — JIISCEI.LANEO^S. 181 

5 6. The line 8 7 must therefoi-o be lliu line of shadow cast 
by the line 3 5. J£ 5 10 could cast a shadow, its shadow 
would be the lino 7 11, parallel to and equal in length to 

6 10; and if 10 1 could cast a shadow, its shadow would be 
the line 11 9, parallel to and equal in length to 10 1. 

The following Rule may also be deduced fi'om Fig, 41, 

lluxE II.— ii'tiery horizontal line casts a sfiadow, oil a 
/lorizontal surface, parallel to iUelf; ajid the shadow has the 
game repreae/itative length as the line casting the shadow. 
Thus 9 Sis parallel to and equal lo 1 3; S 7 to 3 S; 7 11 
to 5 10; 11 9 to 10 1, etc. 

Fig. 42. In this figure the horizontal lioes of shadow cast 
on the ground by vertical lines are represented as bearing 
in the direction of southwestern foiir-Bjiace diagonals, as 
shown by the couree of the arrows a, b, e, (I, e; and llic rays 
of light as coming diagonally downward, really from the 
northeast, as indicated by the arrows /^j?, A, j,^', although 
they seem to come from the southeast. Here the north 
and east sides of the objects ave in the light, and the south 
nnii -west sides in shadow, as they would be if the objects 
were south of the equator, and the sun had risen midway 
toward the zenith. 

Observe, here, that 4 '" 's the line of shadow cast by 3 4; 
m n the lino of shadow cast by 3 1; and nt) n. part of the 
line of shadow cast by i t; and that 3 n would be the 
shadow cast by i ^, if i ;3 could cast a shadow. Also, G 13 
is the line of shadow east by the corner line 6 6; 14 IS, the 
Bhadow cast by S 7; IS 16, the shadow cast by 7 9; and 
16 17, the shadow cast by 9 11. The farther vertical corner 
line of the pillar, represented by the dotted line 11 12, also 
coats a shadow on the top of the platform, which shadow is 
represented by the line 13 17 ; bnt only a small portion, 
17 X, of this line of shadow is visible. Observe, here, the 
Btriot application of Rule U., as to the direction and length 
of the shadows cast by horizo^ital lines. Let the pnpil ex- 
plain the method of finding tlie shadow cast by any given 
line in Fig. 42, or by any given point in the structure. 

Fig, 43. In this figure the north and west sides of the 
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is not intercepted by the platform; niid 9 5 U tlie shadowJ 
cast by g d. Now tLe shadow cast by iho poi'tiou ^ ws4 
cvideiiily i m, which latter line is found by drawing n three- S 
Bpiice diagonal line of shadow through the corner *, and in- I 
tersecting it by the two-space diagonal ray-line g n. ThtfrV 
completea the outlines of shadow cast by the platform and'l 
the pillar. I 

Fig. 44 rcpi-eseuts two lectaugular blocks, jI and ^, Infl 
vertical position, and standing at right angles to one an- I 
Other upon the horizontal surface of the earth. TJie sun ifl 1 
in the southwest, and at such an elevation that its rays passa 
downwai-d in the dii-eetion of semi-diagonals, as indicated! 
by the arrows s,t,ie,v,x; while the shadows east by vertical J 
lines are in the direction of horizontal semi-diagonals, asl 
indicated by the an-ows c,d,f. Both blocks cast shadows! 
upon the earth; while the block Ji casts a shadow, adrl 
ditionally, upon a part of the vertical surface of the block A. " 

In accordance with principles already explained, the line 
Bg is the shadow cast by the vertical corner line 12, Hav- 
ing g as the point of shadow east by the corner 1, we know 
that the shadow cast on the earth by the line 1 7 would 
extend to the Icfl from g, parallel to 1 7, and of a length 
equal to 1 7. But this line of shadow is intercepted at 9 
by the vortical surface of the block A ; and it is evident 
that g Oh the shadow of 1 10 only. Where, then, does the 
part 10 7 cast its shadow ? As the point 10 caste its shadow 
at 9, and as the shadow of 7 is at 7 itself, on the vertical 
surface of -1, it follows that the straight line 10 7 must cast J 
it a shadow in a straight line from to 7, from which we de*l 
duce the following rule, applicable to all similar casea. ■ 1 
RutB ni, — The two points of afiadow cast on a plati$M 
surface by t/ie extremities of a straight line Iteing given, tA<n 
I shadov! of the line will he in a straight Hue connecting t/uM 
\ two given points of skadoiB. m 

\ The additional lines of shadow in Fig. 44 present no difli*S 
1 cullies — the line 4 5 being the shadow of 3 ^, and 5 (S beinga 
I the shadow of 5 i. The line i" r casts a shadow, and a pnrt-l 
of it is out of \iew, on the farther or eastern side of the 
block A, Hut the shadow of the corner t ia at G; and the 
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In tLis drawing the sito is snpposed to be southwest from 
the spectator, half way between the zenith and the hovizoa ; 
and hence tlic ray-lines are in the direction of diagonals, as 
indicated by the arrows a, h, e, etc. ; while we assume that 
the lines of sliadow cast by tLe vertical lines on horizontal 
Burfaeea are in the direction of three-space diagonals, as in- i 
dicated by the arrows e,/, g, etc. 

From the principles already explained, it is easy to find i 
the shadows cast on the gi-ound by the lines forming the 
ends of tho steps ; and the shadows cast by the block y on i 
the top of the first step, and on the riser of the second, are 
in all respects like the shadows cast^inFig. 44, by the block 
£ on the ground, and on the vertical side of the block A, 
It is evident, also, that the line i 3 (a part of the vertical 
comer line 6 2) casts its shadow ou the top of the second 
step, from S to A 

Now the point 1 casts its shadow at the point <?/ and we i 
find, in the following manner, that the point Jf casts its shad- 
ow at the point 5. Take the point in in the line G 2,oa a i 
level with the top of the third step, and through it draw the 
indefinite shadow-line in the direction m 5, Through ^ draw 
a diagonal ray-line, and the point 5, at which it intersects 
the line drawn through m, will he the point of shadow cast 
by the point ^ in accordance with Rule I. But 5 5 is par- 
allel to and equal in length to ^ 1 — from which we derive 
the following rule. 

Rule IV". — The shadow cast, by a vertical line, oji a ver- 
ticat plane surface, is parallel to the vertical line itself/ ane^ , 
^the vertical plane surface have tirfficient extent, the shadow 
will haoe the same length as the line casting the shadow. 

We nest wish to find the shadow cast by the part ^ 6 of 
the line 6 2; and to this end we firet find, in accordance 
with Rule I., the point of shadow cast by the comer 6. 
Thns : we take the point m, in the line 6 j2, on a level with 
the top of the third step, and throngh m draw a line in the 
direction (>n T) of the shadon*s for vertical lines; and then 
throQgh G draw a ray-line, which we find intersects the for- 
mer line at 7, thus showiug lliat ~ is the point of shadoi 
cast by the corner G. 







Agiunyhy Bole tE^ // /^ » d»? ifcKiiwir rf3Pi23g. JKkp, 

is^tb* iiw^toiv ^ ^^ ^^ Jliwl^SUA,l7Bki3eIL,^iZ7istflff 
^liaJow of 74 ^''^ 

W« l>»v« M»( fry Sa4 nfw «lMKi!w east lijrtfibol^pDittioii off 
tfa« lin* omIirMnri tmtW(««« /^ and A. JU If is dflffi ifiEtfiBaft 
pgiu( in l^hv Ua« ^ A tbftt cmU its diadmr on idfae soqpi^ 
tb«n>'*^i^ ^^ ^ '*^*^'^ «r«i«l«ntt]r eaut its diadmr tkegQiiifl tflie 
Ht^pUr »» *''«* ft prmftfL 1^ 0^9 ibeo^ lind tbe point ^^SasSAsm 

Xiik» »•'»« point ?y, fffiiiffirfi »i«UJC» vcrticallj l^cQcnr 7i, on 
the gniund-lfiVKl ; 4rttW tbe ibrtfc-ifpace dbigooal TWm> ^ 
ubiiJ^*^ ihpoiijKb «, and tb« dm^ontil ray-line throniwh A;- 
and t.litiir j»«ir>fc #jrf i«U*n«Pclion, at J, will be the point cf 
jjjirtJow «'»wt ofi th« b*vt*I ground by the corner h. Then 
X /, «lr»wn |»»riilU«t nfi<l t^'jual to h 10^ will be the line of 
sh!ub>w of A HI. TJi« «thi*r portion of h C, at the right of 
;/j rfthtH ith Mioili^w on tho iitt*|m, ah already showD; and 
:U th*: l>«>ini » itH lihailow in ^►t in the shadow of the 

r'*v "^ .' .. ivpial nii«l ]>arallrl ti» h f, is the shadow of 

■ ^^ollKl hr \\\v hl»:uK»\v i>f the farther vertical 

^ -.••A Otinirr linr t n; I'ul only iho portion jr z, of 

. . .\^.^Vi -iiiio, v«n ho snn. lH»M*rvo, also, that as the 

- i\<.N>innr |],|.ouj;h ;•■ ni>l tv^iuhos the jviiit 7?, and 

V* - er«-)uiu| Ml », wild n^ r U i!:o ivlnt of shadow cast 

^ * ^'^ » »\ v^\\\)\\ x\v\ \\v \V.k\ to :r r, raust K^ the 

<*n t)u' i;ro;j?;d is - -^ ''. So 5iOv*;:r^:i',v do all 

Jlc i*h;id«»^\s h/,v'N*^:'^c' \\L:h o:>e anvMhcr, and 
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beautifully illustrate the principles of shadows, as deduced 
from this system of drawing. 

The shadows cast by curvilinear objects may be defined 
with equal accuracy, on the general principles already ex- 
plained, with some modifications ; but we have not space to 
illustrate the subject here. 



I 'I 






I 



I t 

I* 

p. 



F 



r 



APPENDIX. 



ISOMETRICAL DRAWING. 

I. ELEMENTART PRraCIPLES. 

TsoMETEicAL DiiAWixG, or Isomeirical Per^ectice, is based 

I ttpon the following principles : If a cubical block, as aliown 

I in Fig. 1, Plate I., and as seen aliaded in Fig. 2, be supposed 

' to be viewed fmm an infinite distance, and from such a po- 

Bition that the line of vision sball pass tln'ougli the upper 

and nearer corner, 1, and also through the lower farther 

I corner, the three visible faces, A, S, C, of the cube will ap- 
pear to be equai in measure, the one to the other. Any 
boundary-line of the upper surface. A, will measui'e the 
same as any boundary-line of the face J?, or of the face G. 
Thus the line 1 4 will measure the same as the line 1 6, or 
^ 5, or 6 5, or I :?, or 2 3, etc. And any measia-e taken oa 
any one line will give the same relative distance when ap- 
plied to any other line. IIcuco the appropriateness of the 
term laometrical, which is formed from two Greek words 
signifying equal in memtiremeiit. 

The isometrieal cnbo is based upon the geometrical prin- 
ciple for inscribing a hexagon in a circle. Thus, to in- 
Bcnbc a hexagon in the circle, Fig. 1, take the radius, 1 ^ 
and, beginning at 2, apply it six times to the circumference, 
and it will give the points 2, 3, 4, 5, S, 7. Join those points 
by straight lines, and we shall have the six equal sides of 
a regular hexagon. Connect the alternate comers of the 
hexagon with the central point, 1, and retain the eircumfer- 
ence of the circle, and we shall have the isometrieal cube in- 
scribed in a cirelc. 
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II. FIGURES HAVING PLANE ANGLES. ' 

PLATE I.— SCALE OF TWO INCHES TO A SFACI';. ' 

Accoriiiog to the scale here adopted, Fig. 1 repreaeiita the 
oatlinca of a cube of ten inehea to a side, and Fig'. 2 is the 
same, shaded. The atudeot will notice the difference be- 
tween the Diode of measurement here adopted and that 
used in cabinet perspective. In the latter, also, one face of 
' the cube— the front vertical face — would be drawn in its 
I natural proportions, as a perfect square. 

Fig. 3 i-epresenta a cube of ten inches to a side, having 
[ rectangular pieces six inches square and two inches in thick- 
s cut from the centres of its three visible faces. Let the 
pupil compare this drawing with that of Fig. 12, page 1, of 
Drawing-Book Ko.II. The cube shows to excellent advan- 
tage in isometrical drawing. 

Fig. 4 represents an Inverted fiame sixteen inches square, 

I ■with comer posts two inches square and six inches in length. 

Fig. 5 is the same as the English cross bond shown in 

1 Fig. 38, page 4, of Drawing-Book No. II. The two figures 

I illustrate, very happily, the two methods of representation 

f — cabinet and isometrical. The scale adopted being the 

lame in both cases, tbe bricks measure the same in both. 

Fig. C is the same as the upper part of Fig. 88, page 11, 

I of Drawing-Book No. 11. A figure of this kind, evidently, 

Kcloes not show to so good advantage in isometrical as in 

I cabinet drawing. The former is best adapted to the rep- 

1 resentation of objects whose sido views are nearly equal in 

I ■proportion. 

trohlems foe pbacticb. 
Wo would iiuiv recommonj tlio pnpil lo ilrtiw, in isomeirical perspeclive, 
all the fignros given on tlie first five pngea of Dntwine-Bnok No. H. Let 
liini lake ihc meiisnres as tliare indicated by llie Bcnle, but let liim remem- 
ir that a diaganal space is there to ba taken is twice tiie length of a ver- 
sal or horizontal spues, wliile in isnmetvicnl <lrun'ing n diagonal spoca 
■d a Teriitn! space mcniiiiTe tlie same, nnd are to l>e consi Jereil of eqoal 
mnh. 

V nil itie prnblimt, aho, connected niih 
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PLATE II.— SCALE OF ONE FOOT TO A SPACE. 

We have here adopted a scale of one foot to a space, al- 
though auy scale whatever, that is most convenient, maybe 
used. 

Fig. 1 is intended to represent the upper part of a pillar 
five feet square, around which a moulding of one foot pro- 
jection and one foot in height is to be placed, even with the 
top. The shaded portion shows the attachment of the 
moulding to the pillar. 

Fig. 8 shows the moulding as attached, and concealing 
from view a portion of the pillar down to the line 8 9 10, 
Hence the following rule : 

Rule. — Any horizontal rectangular moulding attached 
to a vertical surface obstructs the view of that surface below 
the moulding to ayi extent equal to the eocteyit of the projection 
of the moulding. 

Fig. 9. The dotted outline represents a cubical block four 
feet square, while the shaded portion shows a wedge cut 
from it. The sides of the wedge bevel off equally from the 
sharp edge 1 2, inasmuch as the lines 1 ^ and 1 5 intersect 
the base line ^ 5 at equal distances from the point S, 

Fig. 10. The pillar in this case is of the same size as that 
seen in Fig. 8; but in Fig. 10 the moulding is cut up into 
three cubical blocks on a side, each one foot square. 

Fig. 11 shows how triangular blocks attached to the top 
of a column may be represented. The dotted continuations 
of the lines of the farther two blocks show the concealed 
points on the column toward which the lines are to be 
drawn. 

Fig. 12 represents a truncated pyramid, the base of which 
is surrounded by rectangular mouldings. Observe that the 
side lines of the pyramid are drawn toward the point x. 

Fig. 13. Very tall four-sided pillars, gradually tapering, 
and having a flat pyramid at the summit, as at A and i?, 
are called obelisks. Observe that the apex, in these two 
obelisks, is in the central vertical line of the pyramid. 

Fig. 14. This pyramid has a rectangular section, one foot 
in depth, cut from each of the two visible sides of the base, 
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and triangular sections cut through tlie pyramidal portion, 
so that all except the four edges of the pyramid, and one 
foot in thickness of its base proper, are cut away. The lar- 

Ither edge oC the pyramid is concealed by the front edge. 
PLATE III.— SCALE OF TWO FEET TO A Sl'ACli. 
Although any cliject drawn isometrically is supposed to 
be viewed in the direction of the diagonal of a. cube, yet we 
jnay view any one face of a cube, or any one side of any 
ifictangiilar object, from four different positions, and at the 
eame time view it in the direction of some one of the diag- 
onals of a cube. Thus : 

Fig.l5 represents a block viewed in tho dii-ectioa of the 
diagonal that passes through the corner 1. "We here see 
the top, front, and rigJit side. 
Fig. 16 represents the same block viewed in the direction 

I of the diagonal that passes through the corner 2. We here 
Bee the top, front, and left side. 
f Fig. 17 represents the same block viewed in the direction 
pf the diagonal that passes through the corner 4- We here 
He the bottom, front, and right side, 
■ Fig.18 represents the same block viewed in the direction 
|k the diagonal that passes through the comer S. We here 
iSee the bottoni^ front, and left side. 

Figs, 15 and 16 are viewed from above, and 17 and 18 
from below. These are similar to lint different views of ob- 
^ijects in cabinet drawing, as i-epreseuted on page 1 of Draw- 
^Kig-Book No. IV. 

^^B Fig. 19 is the same as Fig. 56, of page 7, in Drawing.Book 
^^piTo. IT., although the designated scales are different. By 
^^adopting the same scale, the figures will measure alike. 

Fig. 20 represents two flights of steps, ascending in dlf- 
_ ferent dii'ections, and leading to a platform seven feet in 
^H^Klght. As each step rises half a space — that is, one foot, 
^^HlBven steps are required to reach the platform. 
^^B Fig, 21. The upper rool". A, of this structure ia evidently 
^^HoriiEOiital. The second portion, B, deulines downward 
^^HhtiD the horizontal, .ta represented by the extent to which 
^^Hie line 1 3 diverges downwai-d from the diagonal horizon- 
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The curve S D will ihiia bo divided into three equal parts, 
representing angles of thirty dogreos each at the poiQt A, 
Nest divide each of these parts,by the compasses, into three 
equal portions, and the entire curve will then be divided 
into nine equal parts, of ten degrees each. Tiirongh ihcso 
points of division draw lines from -4, and extend them to 
the sides B C and -Z> C of the square. Draw a dotted Tmo 
from A to C, and the angle D A V will bo half a i-iglit 
sngle — that is, an angle of forty-five degrees, while each of 
the angles D A 10, 10 A 20, 20 A 30, etc., will be an angle 
often degrees. 

Within the larger square, A Ji CD, we may count twen- 
ty-five different sqnareB, each having one of its angles at^; 
^^ and on the two sides of each of these squares, opposite A, 
^^L we have the same degrees marked off, by the lines diverg- 
^^1 ing from A, that we have on the sides B G and D C of 
^^f the larger squiii-e. Thus the measure S p, on the side of a 
square of eight spaces, measures an angle of twenty degrees 
ot A, as truly as the measure I? 20 measures the same an- 
gle; and 8 r moasurea an angle of forty-five degrees, just 
as effectually as _D C measures the same angle. 

Now, inasmuch as any one of the twenty-six rectangular 
squares that may here be designated exactly measures an 
^^^ ifiometric square of tho same number of spaces to a aide, 
^^L-the measures of angles on any one of these rectangular 
^^B'Sqaarea may bo used to lay off like angles on a oorrespond- 
^^Ving isometric square. Thus : 

^^H Pig. 23. It is required to lay off, from the point / in the 

^^B lino 1 3, an angle of ten degrees. As the lines 1 2 and S 3 

^^V nre two sides of an eight-space isometrio square, they corre- 

^^^ Bpond to the two lines A 8 and S r (in Fig, 22), two sides 

of an eight-space rectangular square, and measure the same, 

FixHQ the point 8, on the line A J9, take the distance 8 a, 

and apply it to tho isometric square on the line from 3 to 3, 

and mark the point S, A line drawn from 5 to 1 will then 

correspond to the line a A; and the isometric angle SIS 

■ ■win correspond to the angle a A S, and will represent an 

^^ft angle often degrees. 

^H If from the point ^in the line i 3, uf tiie isometric square 
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IV. TOE ISOMETEIC ELLIPSE AND ITS APPLICATIONS. 

The Isometric EUipae is the ellipse which is drawn within 

an isometi'ic square, touching tlie middle points of its sides, 

ss the three ellipses in Fig. 26, Plate V. The isomelria 

ellipse represents a cirule viewi^d in the position of a side 

of an isometric cube.* 

I Fig. 26. Plate V. — Here is represented a cube which laeas- 

[ ares ten spaces to n side, and on each of its three visible 

faces is an isometric ellipse which represents a circle drawn 

touching the middle of the sides of the inclosing square. 

BQil angles at ^ and S, up to fortj.Hve degrees, maj be litid off on the side 
5 S. So Hngles nt S and 1, up lo fortj-five degrees, mny be laid off on the 
aUtiS ii nnd angles at 5 and 4, op Jo fbrly-fivo degreea, may be laid off on 
the Mde ! S. Angles fur the front face may be kid off oa all the sides of 
that face. Bat to laj off an angle at C, on the line 3 4 — ftlthough the meaa- 
nre S i ironlil mnfco the angle SH 4 one of forty-five degrees, yet for lesser 
anglei we should be obliged to take such proportions of J 4 "* the measures 
scale, bear lo the entire side of the rectangular sqiiBre 
from which the measures are taken. It wonld be the Bame when an angle 
3 should be required to be hiid off on the side ISi or an angle M 
1 at S shonld be required to be laid off ou the side 3 4. 

The wme principles apply lo the laying off of angles in xetiii-iUa//</nal 

lUneC perspectire. See pages 10 and 1 1 of Drawing<book No. IV. I'et, 

Jbr practical purposes in all working drawings, the true unglos, or inclina- 

of lines, can generally best he hiiil off by some known measurements 

>n the oltjeuts themselves. 

Nttt. — In the isometric ellipse, uhat is culled the major a;ds (greater 
[.dunnUer} is a liule more than once and seven tenths the length of the minor 
txii; Mid it is iif the same length as the diameter of the circle which the 
ellipse represents. Thus, in rig.2li, the upper ellipse represents a drclo 
diameter ia i (— that i^, it represeats the ovter circle of Fig. 27, Plate 
VI., while the inner drile of Fig. 27 ii the one we are obliged to compare 
it with in prescribing the rules of practical isomecrical drawing. Ths rea- 
Bon of this ia that the square within which ihe circle is dl^Bwn is diinin' 
Iihed in apparent length of sides by an isometrical view of it; and wo 
idapt the »cala of our drawing to Iho afpartnt size, and not lo the real 



tangular squn 



isX B £?£>, ofFig. 27,hair- 



nze. Hence we drit' 
I Jng the same real length of sides as the n/'/iarent length of the wdea of tha 
I isometric square, A JB C D, o( Fig. 26; and then any line 
[ points of the one may bare corresponding lines, divisions, on 
I otlisr. That is, both mny be drawn to the same n-u/o.- an 

I illustrate the other. Thus the two kinds, cabinet and ifometnciAfl 
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Tig proportions -which the miaor asia, the major axis, and 
tbe isometric diametev bear to one another are also known ; 
and a table of these relative proportions is given on page 
We have also prepared, ia Fig. 28, Tl&teYl,, a diagram 
3, in which the proportions are given, fit/ measure, for el- 
ipses of any size up to one wlioae isometric diameter is not 
lore than thirty-five spaces of the isometric ruling given 
a the isometric drawing-paper. The scale, however, may 
osily be extended to any I'equired size. 
Fig.2S. I>lale VI.— To illustrate. The scale is made in 
'the following manner: Take a rectangular square of any 
equal number of spaces to a side, as ^ .B CD. From one 
corner, as D, with a radius D J}, cut the side J) C extend- 
ed, in E, and join EA. From the points where the vertical 
ruled lines from above intersect the line A E^ draw hori- 
zontal lines to the line A D. These thiily-five horizontal 
lines, thus drawn, measuring from one space up to tliirty- 
five spaces, represent the isometric diameters of that number 
of ellipses, while to eacli isometric diameter is assigned its 
proper major axis and minor axis. 

Thns, if the isometric diameter of the ellipse be the line 
J) E, its major axis will be A E, and its minor axis A D. 
Again : if the isometric diameter of a requii'ed ellipse be 
twenty spaces, its measure wilt be the horizontal line from 
the point 20, on the diagonal line A E, to the line A D; 
its major axis will he the moasnre from 20 to --1/ and its 
minor axis will be the measure from the point A, down to 
the intersection of the line A D, with the horizontal line 
drawn from 20. Or, what is the same thing, the minor axis 
Ml will be the measure from the point 20 up to the point I on 
■Hie line A B. 

^HL Fig, 26. Plata "FT— Application. Suppose that, in Fig. 
^^Bb, wc have merely the isometric square A B G D, often 
^^tpaces to a side, and wish to draw within it an isometric el- 
lipse touching the middle points of its four sides, Tlie iso- 
metric diameter being 7 1 {or its equal, B C), wo observe 
ll^lhat it is represented by the horizontal line on the scale, 
^^Kig, 28, fi'om JO, on the diagonal line A E, to the vertical 
^^uic A D. The line 10 A is, then, the major axis of the el- 
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Tiie ellipao of Fig. 29 may bo considered tlio upper end 

' a veiticai cylinder, having an axis, c S, of thirteen feet, 

d a diameter, i 7, or ^ 10, of ten feet. Tiio side lines, t 3 

id fl 5, are drawn tlie same as l!ie side lines of vertical cyl- 

in cabinet perepective, wliile the ellipse Ibr the bot- 

jnly half of which is visible^a drawn witliin the 

lomctiic square, £! F G JT,m the same manner as the np- 

per ellipse. The side curves on the cylinder are described 

from points below to, by continued removala of two spaces 

downward, and all with tbe same stretch of the compasses, 

M « or to 4; while the end curves are described in a similar 

manner, from points vertically below y and n. 

Fig. 30 is an eliipseiepresenting a circle of only five spaces' 

(five feet) diameter, described on the top of a vertically 

laced block; and Fig. 31 represents one of the same di- 

on the end of a horizontally placed block. Fig. 

12 represents a cylinder, six feet in diameter and tbree feet 

length, placed horizontally, the end of it being in the 

ne position as tbe ellipse on tbo left-hand side of Fig. 26. 

'ig. 33 is a cylinder of the same dimensions as Fig. 32, but 

'tie visible end of it is in the position of the ellipse on the 

right-hand side of Fig. 26. The upper part of Fig. 34 rep- 

resenta a vertical cylinder, two feet in diameter and four feet 

iu lengtb, cut from a block two feet square at the end. 



PLATE VII.— SCALE OF ONE FOOT TO A SPACE, 
Fig. 35 represents a hollow cylinder, fourteen feet in ex- 
,reme diameter, four feet in height, and having its walls one 
foot in thickness. It will be seen that its upper outer ellipse 
is drawn within the isometric eqmtraA li C7>,and that the 
inner ellipse is drawn within a square one foot witliin the 
oater square. Tbe farther inner bottom enrve mnst, evi- 
dently, be drawn within a square of the same dimensions as 
the upper inner square. 

t^er from tbe centre, r, tlinn ihosc ne Euire eiret), while lliosa for ilasrribiag 
tbe end curves would be n iiifle nearer tiia centre, c. tlmn Those we have 
giren. But this method wonld retjuire one half of the s\Ae riirrcs of the 
ellipse to be drawn withool the aid of compasses ; nntl tlie re^^uU wonld Bel- 
M bv ilie tnocbed n*e bnve given. 
12 



202 APPENDIX. 

Fig. 36 illustrates a method of dividing the ellipse into 
any number of equal parts, or of making in it any required 
divisions. 

From E^ the centre of a side, A B^ of the isometrical 
square which incloses the ellipse, draw E D 2X right angles 
to A -S* and equal to E A, Connect A D and JB D, 
From J!>, with any radius, the greater the better, describe a 
curve, 2 3^ cutting the lines B JD and A D. Mark this 
curve according to the divisions required \Vi A c D^ one 
quarter of the ellipse, and through the points of division 
draw lines from D to the line A B, From the intersections 
of these lines with A B draw lines to the centre, c, of the 
ellipse, and the quarter part of the ellipse will be divided in 
the same proportions as the curve ^ ^ is divided. Here 
the curve ^ ^ is designed to be divided into eight equal 
parts — four parts on each side of the central point E; and 
hence one quarter of the ellipse is divided into the same num- 
ber of equal parts. If the same divisions are to be continued 
throughout the ellipse, transfer the points of division on ^ ^ 
to the other sides of the isometric square, and from them 
draw lines to the centre, c, etc. 

Or the method given in Figs. 21, 22, 23, and 24, of 
Drawing-Book No. IV., may be adopted for all isometrical 
ellipses. 



V. mSCELLANEOUS APPLICATIONS. 

Fiij. 37. To draw an isometrical octasjon within an iso- 
metrical square. And, 1st, when one of the sides of the oc- 
tagon is to coincide, in part, with the sides of the isometrical 
square : 

Within the isometrical square lay down the points 1 2 
and 3 Jf (taken from diagram, Fig. 28) for the extremities 
of the major and the minor axis of the ellipse to be drawn 
within the square. Then through these points draw lines 
at right angles to the two axes, and the lines thus drawn 

r" ■■■ .1. I- ■ ■■■■-.I-. ■-- 

* If the line E Dha drawn from E in tiie direction of two-space diag- 
onals, it will be nt right angles to A B. 
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hWill bo four of tlie sides of tlic required octagon. Tlie other 

, four aides irill be those poi'tious of the sides of the isometric 

square lying between the intersections of the first four lines. 

It will be seen that the ruling of the paper is a perfect guide 

■for drawing lines at I'iglit angles to the major and the mi- 

2d. When the centre of eaeh of the four sides of the ii 
metric square is to be touched by an octagonal corner. 

Draw two iinca from eacJi extremity of the major and 
minor axes to the centres of the two sides adjacent each ex- 
tremity, and the octagon will be completed. Thus draw 
, lines fi-om 3 to 5 and S, from i to 5 and S, from 1 to 7 and 
S, and from 3 to 6 and 7. Inner linos may easily be drawn 
I parallel to the outer lines. 
I Fig. 38 is an octagonal tub or box nine and a half feet in ■ 
[ vertical height ; and the sides, one foot in thickness, bevel 
I outward from the top downward. The top is inclosed by 
I sm isometncal square of ten feet to a side, and the bottom 
I "ty a square of thirteen feet to a side. The figure itself will 
I sufficiently explain the method of drawing it, 

PLATE VIIL— SCALE OF ONE FOOT TO A SPACE. 
L Fig. 39 shows that the half of a cylinder, of ihree-feet ra- 
I dius, cut longitudinally and vertically, has been taken from 
la piece of timber measuring at the upper end fonr feet by 
leiic feet. The hollow in the timber is semicircular, but 
l«hows here as the half of an isometric ellipse, viewed in the 
^position of the ellipso on the light-hand side of the cube in 

pig.2e. 

B Fig. 40 rcprcaenta a semicircular arch of twelve-feet span 

Kn ita extreme measure from 3 to 3, five feet in length, and 

nrith walls two feet in thickness. The arch shows the up- 

ner halves of two isometric ellipses, each viewed in the po- 

Bition of the upper half of the ellipse seen on the right-hand 

side of the cube in Fig, 26; The outer ellipse is drawn 

within an isometrical square of twelve feet to a side, and 

the inner ellipse within one of eight feet to a side. The 

L£irther curve is part of an ellipse like the outer front ellipse. 

The method of drawing the lines for the nnifoi-m layers of 
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^f TABLE FOR DRAWING CIRCLES IN ISOMETRICAL ^| 
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47 E]incM ^^M 


in langtli. ITie Talile gives the relative piojiorti. 


□B of the iaometric tliam- ^^^H 


elers. 


ninor nxea, and major axes for all isome 
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